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ABSTRACT 

This report describes a curriculum development 
program designed to address three problems associated with computer 
use in the schools: underutilization of the computer capabilities by 
overemphasis on basic skills instruction; stratified access to 
computers, or inequitable access based on race, sex, or income; and 
emphasis on teaching computer programming when the skills needed for 
the workplace are much more diverse. This project involved the 
systematic introduction of computer curricula in language arts and 
mathematics to students in grades 2-6. One classroom was part of a 
designated bilingual program, two others had a number of students who 
spoke Spanish as a first language, and one ^ras designated as a 
Chopter 1 classroom. The report is presented in nine chapters: (1) 
"Introduction" (Hugh Mehan); (2) "The Classrooms" (Marcia Boruta, Ann 
Marie Newcombe, Marti turn Suden, and Christina Drale); (3) 
"Microcomputers and Classroom Organization: Som^ji Mutual Influences" 
(Hugh Mehan); (4) "Some Cognitive and Social Benefits of Peer 
Interaction on Computers" (Hugh Mehan, Nick Maroules, and Christina 
Drale); (5) "A Holistic Approach to Computer Literacy" (Hugh Mehan, 
Margaret M, Riel, Marcia Boruta, Christina Drale, Nick Maroules, and 
Kim Whooley); (6) "Functional Learning Environments for Writing" 
(Margaret M, Riel); (7) "Computer Activities in a Bilingual Setting" 
(Luis C. Moll and Ann Marie Newcombe); (8) "Teaching Problem Solving 
Strategies" (Marti turn Suden and Robert Rowe); and (9) "Summary and 
Conclusions" (Hugh Mehan, Luis Moll, and Margaret M. Riel). The text 
is supplemented by 25 tables, 151 figures, and 103 references. Two 
appendices contain guidelines for selecting prompts and rubrics for 
use in teaching wx^iting and a functional computer literacy test. 
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CHAPTER 1: 
INTRODUCTION 
Hugh Mehan 



Prevailing Cses of Microcomputers In Schools 

Recent national surveys of computer use (CSOS, 1982; Tucker» 1983) 
and surveys conducted In the San Diego area (Miller, 1983, Boruta et al. , 
1983; Cohen, 1984) have shown that microcomputers are used primarily to teach 
programming and to provide drill and practice In basic skills. The current 
state of computer use In schools presents educators and the society at large 
with a number of problems • First, the use of microcomputers for drill and 
practice does not fully utilize the capabilities of this technology for 
education. Second, women, lower Income and ethnic minority students do no** 
have the same access to educational technology as do their male, middle 
Income, and majority counterparts • Third, treating computer programming as 
the end point of a computer curriculum overlooks the needs of society and the 
work place* 

Basic Skills Ins truction 

The most prevalent instructional application of computer use today is 
for basic skills instruction* Basic skills instruction usually means computer 
Aided Instraction" (CAI) (see Atkinson, 1972; Suppes, 1980). The extent to 
which CAI software is used is indicated by a recent study of 2000 computer 
using teachers who were asked: "What are your favorite educational software 
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programs?" (Patterson, 1983)- Of the 93 programs identified, 27 were for 
professional and administrative purposes, and 66 were for instructional 
purposes ♦ Nearly all of the instructional programs were devoted to drill and 
practice or reinforcement of existing skills in math, social science and 
English. They were not used to generate new instructional activities. 

When computers are used for basic skills instruction, students are 
commonly given drill and practice whicH reinforces instruction on material 
already presented in their classrooms. The material to be learned and the 
sequence in which it is learned is rigidly fixed by the teacher and the 
software. The material to be presented to students is restricted to a 
specific problem domain, offers a narrow range of response options and is 
presented to the students in very small steps (Amarel, 1983; Riel, 1983). 
When a correct answer is selected, che students are rewarded with a visual or 
musical display, often unrelated to lesson materials. 

Programming 

The second most common instructional application of computer use today 
is for "computer literacy." Computer literacy has come to mean teaching 
students to program computers, primarily in the BASIC language. 

Computer programming is emphasized in computer literacy curricula 
because programming enables students to gain control of the machine (Papert, 
1980). Another reason given for emphasizing programmir*g is that it 
strengthens students' higher level ^'easoning skills. While there is no reason 
to argue against the first premise, there is little evidence to support the 
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second (Pea and Kurland, 1984; see Chapter 8 of this report). Even if there 
were considerable evidence to suggest that learning to program enh^inces 
higher order thinking, it may be short sighted to teach all students to 
program in BASIC. 

BASIC is a general purpose programming language. While its linear 
structure makes it relatively easy to learn initial commands and statements, 
this same structure makes it difficult for beginning students to create any 
but the most rudimentary programs. BASIC is also limited in that it does not 
easily allow for hierarchically arranged programming procedures in the more 
modem languages, PASCAL and LOGO. Whether working in BASIC, PASCAL or LOGO, 
however, students receive only a limited sense of th2 computer's power. With 
special purpose languages such as Interactive Texts or spread sheets, 
students develop a richer sense of how to structure problems effectively and 
to approach problems in a disciplined way, (i.e., two of the general or 
"metacognitive" skills that some cognitive scientists believe can be widely 
applied to solving problem?). 

Problems With Current Uses of Microcomputers 

We see a number of problems with the current uses of microcomputers in 
schools. The present pattern does not capitalize on the full capabilities of 
the technology. Furthermore, prevailing educational uses stratify access to 
microcomputers along social class, gender, and ethnic lines. Of equal 
importance, they do not match the ways in which computers are used in the 
work place. 
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Under utilisation of the Computer's Capabilities 

The fast pace and pa'-kaged format of CAI drill and practice software 
provides little opportunity to deliberate, to reconsider, or to challenge the 
prespecified answers. These programs assume limitec. knowledge on the 
part of the students and aim to strengthen and broaden that knowledge by 
repeated exposure to a similar class of exercises (Amarael, 1983). Little 
attempt is made to extand or apply existing knowledge* 

While there is some evidence to suggest that microcompuers can deliver 
basic skills instruction better than conventional techniques (Kulik e, al. , 
1983), critics of such studies (Tucker, 1983) point to the methodological 
problems and omissions of cost comparisons. Typically, the effectiveness 
studies compare the effects of recently introduced CAI programs to 
conventional workbook activities. These comparisons may provide a 
statistically significant advantage for CAI, So far, effectiveness studies 
have not compared CAI to methods such as cross-age tutoring, which have also 
been shown to improve students* learning. The utility of CAI for improving 
students' basic skills diminishes when the high ::ost of computers is taken 
into consideration (Tucker, 1983). 

Furthermore, when the novelty of working with computers wears off, CAI 
workbook pages do not have the motivating effect required to sustain 
students* interest (Malone, 1981). In addition, the current readability and 
graphic quality of electronic worksheets is poorer than printed workbooks, 
which makes their use as an alternative medium of communication between 
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teacher and student questionable. 

Equitable Access to Educational Technology 

While the most prevalent educational uses of microcomputers are basic 
skills instruction and computer programming, access to computers and their 
uses is differentially distributed. Ethnic minority and low income students 
receive a different kind of instruction on computers than their middle income 
and ethuic mijority contemporaries. While middle class students, especially 
those who are in advanced programs (e.g». Gifted and Talented Education) 
receive instruction which encourages learner initiative (programming and 
problem solving), low income and ethnic minority students receive CAI 
instruction which maintains the control of learning within the program (CSOS, 
1983; Boruta et al., 1983). 

Males and females also have differential access to computers, (CSOS, 
1983; Boruta et al., 1983), especially in secondary schools (Sheingold et al-, 
1983). In elementary schools that have established central computer labs, 
boys and girls have equal access. However, this equality is not duplicated 
during voluntary times on computers (lecess, lunch, after school clubs). 
More boya than girls use computers in their spare time. The equality of 
access reported in elementary schools disappears in secondary schools. When 
students are divided into curricular tracks, (college preparatory, vocational 
and general education), a stratification of ma-ues and females becomes 
apparent. Males gain greater access to computer and math labs than females. 

This tracking of students by gender and socioecOtiomic background through 
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different curricular tracks stratifies students' access to information 
technology, Dif f erentiil access represents one of the ways in which the 
microcomputer can become a tool which contributes further to the 
stratification that already exists in our society* If only a few people 
learn to control computers, and most can only react passively to them, then 
we will have a system of stratification based on access to information 
technology (Schiller, 1981) that will tnake the ones based on economic capital 
(Marx, 1964) and cultural capital (Bourdieu and Passeron, 1977; Collins, 
1980) pale by comparison « 

The Needs of Society and the Work ^ ^ 

The computer is a general purpose machine* It processes information that 
can be used for a wide variety of instructional and administrative purposes. 
These wide-ranging capabilities of the computer, coupled with parental 
pressure and pressure from business and industry, are the main reasons 
computers are having such a dominant impact on education. However, knowing 
that the computer can be used for almost any purpose does not tell schools 
what it should be used for. In fact, it is its flexibility that is so 
dazzling. Since ihe machine can be programmed to do many things, we must 
search for the constraints which tell us which computer applications make 
sense and yhich do not. We must also take into consideration the cost of 
applications in dollars, time and human costs. 

As schools and universities organize educational curricula which 
involves computers, we need to insure that the instruction we provide our 
students will help them in the world of work. It is helpful, therefore, to 
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examine the ways in which computers are used at work now, and try to 
determine how computers will be used at work in the future. 

While it is not entirely clear what school children need to learn now 
in order to be competent and useful in the 21st century, most computer 



writing computer programs with general purpose languages. Increasingly, 
microcomputers are being used in business and industry for word processing, 
spread-sheet analysis, and data systems management — applications which do not 
require knowledge of general purpose computer languages. These business 
applications are being implemented, not by highly skilled programmers, but by 
employees learning to create electronic forms and spread sheets provided by 
special purpose user friendly programs (e*g*, Visicalc, Word Star ). 
Eventually, computers will write programs in response to spoken or typed 
requests made in ordinary English (Kay, 1983), further reducing the need to 
produce a multitude of general language programmers. 

The shift in computer uses from those dependent upon general purpose 
programming languages to those using special purpose programs suggests that 
even though our society may rely heavily on the computer, we will not need 
vast numbers of programmers. Even though there is a shortage of general 
purpose programmers now, we are likely to need far fewer in the future. 

The available evidence suggests that most jobs will not be found iti high 
technology industries, nor will high technology require a vast upgrading of 
the American labor force (Levin ana Rumberger, 1984), On the contrary, the 
proliferation of high technology industries is far more likely to reduce the 



scientists believe that in a few years very few people will be actually 
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skill requirements in the U.S. economy than to upgrade them. 

Levin and Rumberger (1984) cite Labor Department projections that say 
jobs for computer programmers will grow between 74% and 148% during the 
1980a, .;hile overall job growth will be only 22%. These percentages are 
mi5l#»adiiig, however. The total number of new jobs for computer programmers 
is expected to be 150,000. Some 1.3 million new jobs are projected for 
janitors, nurses aides and orderlies. That is nine unskilled jobs in these 
categories for every computer programmer. New jobs for data processing 
machine mechanics will increase 148%, the fastest growing job category. But 
that large gain translates into an increase of fewer than 100,000 new jobs, 
while 800,000 new jobs are projected foi fast- food workers and kitchen 
helpers alone. 

There will neither be a proliferation of systems analyst jcbs, nor will 
the high-tech jobs create demands for increasingly sophisticated work skills. 
On the contrary, the new technologies further simplify routine tasks and 
reduce the opportunities for worker individuality and judgment. In such 
diverse areas as office administration, data processing, drafting, and 
wholesale and reta-l trade, microcomputers are making it possible to employ 
persons with lower skills to perform what had previou^J^y been highly 
sophisticated jobs. 

The results of this brief examination of the use of computers in the 
world of work have implications for the widespread teaching of programming 
presently pervading our curricula. Strictly on intellectual and academic 
grounds, it may be important for students to gain some exposure to 
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programm} ig« Indeed, programming may enable students to gain a sense of how 
the computer operates and develop some skills in structuring problems • But, 
devoting years of a student's time to programming instruction can not be 
justified on the grounds that we are providing skills that students will 
require professionally (Tucker, 1983). We may need tens of thousands of 
general purpose programmers, but not the millions we will be producing with 
the current emphasis on programming in schools (Levin and Rumberger, 1984). 

Instead of making programming the single entry point and the pinnacle of 
computer education curricula, it is important to provide students with 
"multiple entry points to expertise" (Levin and Souviney, 1983). Multiple 
entry points will enable students to use computers as powerful tools for a 
wide range of applications. For some students, that power will first 
develop through the ability to program the computer. But for others, that 
power could come from first knowing how to use the computer to write and edxt 
text, to create music, graphics, and animation, and to organize information 
and communicate it to others* 

Our Approach to Finding Solutions 

Our overall goal as we work witn computers in education is to address 
the three main problems in current computer use: (1) the underuti lization of 
the computer's capabilities, (2) stratified access, and (3) the single avenue 
to the world of comouting through programming. In the remainder of this 
chapter, we describe the approach we are taking to m^et our goal. We describe 
some of the ways in which learning environments can be assembled that take 
advantage of the interactive capabilities of compucers. The curricular 
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activities used in th^ class rcoms in this project were produced by a unique 
collaboration between school teachers and university researchers. A 
discussion of this collaborative effort follows our description of the 
design features of functional learning environments, 



Exploiting the Interactive Capabilities of the Microcomputer; 
Creating Functional Learning Environments 



One way to use computers to achieve equitable access and unique 
educational goals is to exploit the interactive capabilities of 
microcomputers for language arts and mathematics instruction. The 
availability of word processors, writing tools, computer labs ^*nd computer 
networks makes it possible to create learning enviroaments which go beyond 
drill and practice and progrananing , 



As we will point out i'l Chapter 4, microcomputers can be arranged to 
provide a communal resource to students, the use of which is not 
predetermined, but can be changed by students and teachers during the course 
of interaction itself. Interactive software enables teachers and students to 
modify the learning activity as instruction progresses. The open-ended 
character of learning environments such as LOGO (Papert, 1980), the PLATO 
mathematics lessons (Davis ct al,, 1977), and construction sets such as 
"R<cky's Boots" (The Learning Company), encourage users to build their own 
materials and see what happens by selecting components an:i connecting them. 
As students explore these activities, they move in directions not originally 
planned by teachers, thereby learning that problems have many solutions, not 
a single solution which is provided by the teacher. 
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Rather than looking at microcomputers as dispensers of certain knowledge 
or rewards, we explore ways to organize functional Learning environments. The 
functional learning environments we have constructed in language arts and 
mathematics (see chapters 6, 7 and 8) (1) adopt a holistic approach to 
educational practice and (2) provide dynamic support to novices Learning a 
task. 

The Whoie Task . A fundamental component of our approach to computer 
use is the belief that children learn most effectively by participating in 
whole activities with others. Through this participation in the whole task, 
others perform some aspects of the task which are too difficult for the 
children to accomplish on their own; in time, the children learn how to 
master the entire task alone (Luria, 1976; Vygotsky, 1978; Wertsch, 1979; 
Flavcll, 1981; Griffin and Cole, 1984; and compare Piaget, 1970). 

The holistic emphasis in our work contrasts sharply with atomistic 
educational practice. Children most typically work alone on subparts of a 
task in schools. When students accomplish all the subparts, they are 
expected to assemble these components into a unified whole on their own. 
In many standard reading programs, for example, children begin work on 
recognizing letters, establishing sound-letter correspondence and blending 
letters together to "read" words and sentences. These activities often occur 
in isolation from reading presented as a method for learning new things from 
text. Or, when student? are asked to write compositions, they are first 
asked to write sentences, then paragraphs, and finally complete essays. 
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A clear example of the holistic approach to educational practice, and 
one many of us are familiar with, is the way parents teach their young 
children how .o read (Ninio and Bruner, 1978). From the beginning, the social 
setting is parent and child, and the activity is reading a book. Initially, 
the child knows very little about the activity of reading and the mother must 
carry much of the work. As the child becomes familiar with the patterns, he 
or she may begin to participate in simple subskills such as turning the 
pages, or pointing to objects. As the child gains knowledge, what is 
expected of him or her shifts. Now the child is asked to provide names for 
objects or to tell what is happening in the story. Slowly the attention is 
shifted from pictures to words and the child begins to recite well learned 
pieces of the story. This skill becomes more and more flexible as the 
support orovided in th* book and by the mother recedes, and the child becomes 
an independent reader. 

The activity has remained constant through the whole process: parent 
and child sitting together reading the book. What has changed is the degree 
of participation in the activity on the part of the child. This dynamic 
network of support has bean referred to as "The Zone of Proximal Development" 
(Vygotsky, 1978; Brown and French, 1979; Griffin and Cole, 1984). The 
activity that is accomplished by the mother and child ("the zone"), provides 
a good prediction of what the child will soon be able to accomplish ou his or 
her own at some future time. Learning to do the pieces in the context of the 
whole guards against becoming, so obsessed with accomplishing subgoals that the 
student never understands the relationship of the subparts of those actions 
to the whole task. 
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In short* we have dravm a parallel between a holistic approach to 
teaching reading (LCHC, 1982) and a holistic approach to learning to use a 
microcomputer. In doing so, we have found that microcomputers can be used to 
provide children support for elements of writing tasks they have not yet 
mastered. Furthermore, this support can gradually be removed as the children 
become more skillful, as we describe in the following discussion of "dynamic 
support." 



Dynamic Support . "Dynamic support" refers to the process of 
systematically decreasing amounts of assistance provided to novices as they 
progress in e^^^ertlsc and ^'*<xdually assume parts of the task initially 
accomplished by an expert- In a properly arranged teacher-student -computer 
environment, there is potential for creating the kind of dynamic support 
necessary to dramatically improve students' learning. 

Riel (1982) showed that the microcomputer can provide dynamic support to 
students with language disabilities. She found that children with language 
handicaps had greater difficulty than students with normal language 
development in making efficient problem-solving decisions when playing 
computer games. In a training study, Riel modified the computer software so 
that at first, most of the game parameters were controlled by the computer. 
As the players* skill increased, thl.> support was gradually withdrawn. After 
several weeks, the game performance of the students with language handicaps 
was similar to that of normal students. In this way the computer was used to 
co-.struct a "Zone of Proximal Development" which provided training in a 
variety of systematic, self-regulatory problem-solving skills as children 
learned basic materials. 
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Software is now available which, like the parent in the Ninio-Bruner 
reading example, systematically increases the degree and form of learner 
participation as skills develop. For example, in text editing systems such as 
QUILL (Bruce and Rubin, 1983), and The Interactive Writing Tools (Levin, 
1982), texts are constructed which share the initiative between writers and 
readers along a continuum of support (Riel, Levin and Miller-Souviney , 
1984). This continuum of support is shown in Figure 1. 

Figure 1 

A Continuum of Educational Software (from ^iel et al., 1984 
Program Controlled Mixed Control User Control 



Static Frames with Lesson Frames with Open Frames 

Fixed Content Content Added with Variable 

Content 

At the program-control end of the continuum, "readers" of structured 
interactive text are invited to make simple choices about the direction in a 
story's plot. At the user-control end of the continuum, an interactive text 
or planner enables more skilled writers to take complete responsibility for 
writing. At the user-controlled end of the continuum, the computer offers 
high-level suggestions and provides prompts, leaving the lower-level writing 
activities in the hands of the student. Such writing tools make it easy for 
students to enter text by providing activities which range in the degree of 
support. Perhaps more importantly, they make it so easy to make changes in 
text that elementary school students can edit their writing as a functional 
everyday activity. Throughout these activities, the goal is for the quality 
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of writing to remain constant while the participation of the learner 
increases, as the amount of support provided by tli* computer decreases. 



subordinates che students' concern for the mechanics of tasks to higher 
order goals. By arranging learning environments in which computer based 
support is gradually removed, students gain control of learning by 
systematically assuming the components of the task initially accomplished by 
experts, in this case, represented by a teacher-computer configuration. 

Teacher-Researcher Collaboration 

While some of the sources of inequities in our society may best be 
attacked by change in organizational structures or by change in technology 
itself, we chose to affect change by a teacher-researcher collaboration 
because teachers are in closest contact with students and computers. The 
collaboration involved the systematic introduction of computer curriculum in 
a small number of classrooms accompanied with supporting knowledge and 
traiuing. The computer curriculum was an extension of previous work 
conducted at OCSD to teach basic skills to small groups of specially selected 
students in resource rooms and after school clubs (LCHC, 1982; Rial, 1983; 
Levin et al.,1984). In this research project, we extended our educational 
efforts in two ways: first, to the education of a more diverse population of 
elementary scbcol students; second, to operate within the the constraints of 
regular classroom configurations and educational curricula. 

The classrooms had diverse student populations in terms of age. 



Dynamic support provided by the interactive capabilities of the computer 
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measured ability, socioeconomic background and ethnicity (more details 

about the classrooms are provided in Chapter 2). The grade levels 

ranged from 2nd to 6th grade^ The students* abilities were measured from the 

lowest CTBS quartile to GATE qualif ication^ One classroom was part of a 

designated bilingual program, two others had a number of students who spoke 

Spanish as a first language and one was designated as a Chapter 1 

classroom* 

The teachers were involved in every stage of the project* The work was 
done collaborative '.y because expertise is distributed across the members of 
social groups. Our group dealt collectively with the issues that lesre 
crucial in determining how the computers would be used in the classroom. Some 
of the ways in which teachers guided the research are discussed in the 
following sections* 

Evaluating Student Progress . Teachers took an active role in deciding 
what measures to use to determine student progress. They described the 
school administered standardized testing (CTBS) and Ginn reading level scores 
that would be available. The teachers and researchers worked together to 
design a set of pre- and post tests to measure the students' reading and 
writing skills. 

Selection of Software . At the outset of the project, teachers were 
asked to formulate their teaching objectives, especially in the curriculum 
crea in which they would be using computers. After teachers described their 
objectives, computer software was discussed in light of teacher goals. Both 
teachers and researchers were concerned about how to use the computer to 
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facilitate forms of interaction and learning that are different from the 
interaction that conventional forms allow* It was decided that all the 
software used on the project would be either "tool software" (i»e», software 
in which the goal is provided by the user and the software is used as a means 
to accomplish the goal) or software that encouraged discovery of conceptual 
skills* 



Software that meets these criteria were discussed. Previous models of 
integrating software in teaching environments were presented by the teachers 
who had some experience with computers and reports were made by researchers 
about how software had been used in other research projects • Teachers 
decided which software they would use in their classrooms • The 
instructional activities that are described in Chapters 6, 7, and 8 were 
created by 'teachers as they, experimented with integ-^atirg software with 
their teaching objectives. 

Participation in Computer Chronicles News Network . Three teachers 
decided to make newspaper reporting and editing a central focus of their 
language arts curriculum. These teachers enrolled their students in the 
"Computer Chronicles News Network/' The teachers who were not familiar with 
the software were encouraged to spend time writing and editing stories in the 
same manner as their students* 



The teachers worked together and with members of the research team to 
formulate their plans for using the Computer Chronicles in th^ir classrooms. 
For example, teachers discussed students* choice of writing assignments. One 
teacher felt that free choice would increase motivation. Past experience 
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indicated that the newspaper sections devoted to jokes and sports would be 
very popular selections if students were given free choice. The teachers were 
concerned with ways to encourage diversification. One teacher decided to 
provide more structure to the newspaper activity by assigning topics to the 
student reporters, pointing out that "cub reporters" never get to choose what 
they write about. Each of the teachers formulated a method of making 
newspaper assignments. Reports of successes and failures at project meetings 
helped the teachers find the most productive solutions. 

The teachers organized means for evaluating, selecting, editing and 
doing the layout of their newspapers once stories were writt#:n and received 
from other schools on the network. The production of newspapers was 
discussed by teachers and researchers. Ideas of ways to adapt the "editorial 
boards" previously used in a resource room version of the Computer Chronicles 
to the classroom were genera ted . Two of the teachers decided to have a 
number of different boards, one for each newspaper edition, and keep the size 
small. Another teacher decided to have all the students participate in the 
production of each newspaper by dividing the class into small board meetings 
for each of the different sections of the newspaper. A third solution made 
the selection of stories into a reading center task. 

The use of editorial boards led to discussions about the organization of 

editing in classrooms. The problem of coordinating stories once cut up and 

placed in folders according to sections and stories stored on disks was 

discussed. Solutions ranged from those that placed a major responsibility on 

the teacher to those that required more training of the students. 




Computers in Classroom 
Final Report NIE-G-.83-.0027 



January 3L , L985 
L9 



Deta Collection and Observations . The teachers worked closely with the 
observers to determine which classroom activities to observe and tape. We 
adopted data collection and observation techniques that we have found to be 
productive in our previous projects (Mehan, 1979; Riel, 1982; Moll and Diaz, 
1984). We agreed that observations would be made three times a week during 
the time that the central focus of the classroom occurred. We reduced che 
number of observations to tvo a week in January. The events to be 
videotaped were selected based on their coordination with other classroom 
activities and the production of a student's "product," i.e., a document. 
All observation notes taken in classrooms were made available for teachers to 
read. All videotapes were available for viewing, and teachers recained the 
right to end any taping sessions and erase any videotape. 

The operating prliiciple of the project was that teaching goals would 
have priority over research goals. Activities that were of special interest 
to the project were described and teachers were requested to report when such 
activities took place in their classrooms. Teachers made special efforts to 
arrange their teaching schedules to make it possible for researchers to 
observe particular activities. Despite these special efforts, observers 
still needed to work around the needs of the teacher and constraints of the 
curriculum. The teachers were invaluable informants, highlighting activities 
that might have gone unnoticed if the observers had made unilateral decisions 
about observations. 

Data Analysis . The teachers took part in discussions of the material 
to be collected, how it would be analyzed and participated in data analysis. 
The teachers collected samples of students work in language arts and 
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mathematical problem solving at regular intervals throughout the school 
year. For each of these samples they provided their guidelines for 
evaluating student work. Writing samples were scored according to the 
guidelines established by the teachers. Funds provided by NIE enabled the 
teachers to serve as Research Assistants during the summer after we gathered 
data in the classrooms- During the summer, the teachers participated in 
videotape viewing sessions. In these sessions they watched videotape from 
their classroom and worked with researchers to organize a coherent picture of 
classroom events. They collaborated in the preparation of some of the 
chapters in this report (see Chapters 3, 4 and 9). Three of the teachers 
will continue the analysis of mate 'ials gatherad from their classrooms as 
part of an MA program at UCSD. 

Sucuaary 

These are some of the ways in which a group of elementary school 
teachers and university researchers have worked together to seek effective 
ways to utilize microcomputers in schools, and to do so in ways that provide 
equitable access to all children. Observation of and participation in the 
implementation of these programs has provided us with valuable knowledge 
about the degree and kind of help students and teachers need to use computers 
in classrooms, ways to organize classrooms for instruction with computers, 
patterns of teacher-student interaction and students* learning. We report 
the results of this collaboration in the following chapters. 
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CHAPTER 2 



THE CLASSROOMS 

Marcia Boruta^ Ann Marie Newcombe^ 
Marti TumSuden and Christina Drale 

The research took place in four classrooms in the "North County" area of 
San Diego* The curricular emphasis in three of the classrooms was language 
arts« Therefore, we focused research attention on that area in those 
classrooms. In the fourth classroom, the teacher experimented with teaching 
problem solving using direct instruction techniques, manipula table materials 
and computer programs. We documented the results of this experiment 
conducted in a computer lab and classroom. 

The following pages describe the organization of instruction in the four 
classrooms. This overview is provided to orient the reader of this final 
report to the analysis which occurs in subsequent chapters. 

The Organization of Barbara Miller-Souviney* s 4th Grade Classroom 

BMS' class was a fourth grade in which there were twenty-six students, 
thirteen boys and thirteen girls. The class was considered to be the fourth- 
year (mainstream year) of the school's K-3 bilingual program. Six students 
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(23% of the class) wtr" past participants of this program. The 



re were two 



aides in th^. class (funded by SIP and Chapter 1 funds): DT worked with all 
the children on both math and language arts in the morning. Another aide, 
MV, came four days a week for 45 minutes a day and worked on language arts 
with primarily the bilingual students. 

The classroom was in a temporary building physically removed from the 
other, permanent buildings. The room was large and carpeted. BMS asked for 
the room particularly because she wanted an atmosphere that way away from 
other, "traditional" classrooms and the flexibility of the furniture 
arrangement that came with the temporary building. 

Students were seated at four rectangular or circular tables. Students' 
belongings were st. ed in individual plastic tubs. BMS established this 
arrangement in order to accommodate both instruction and student seating in 
the same area. 

The walls around the classroom contained charts and information that 
were used within the day's activities: a daily schedule, VIP of the week, 
spelling lists and typing paper, a daily class history, sustained silent 
reading directions, computer rules, a giant replica of an Apple //e keyboard 
made of styrofoam cartons, a height chart, calendar, "We Have Rights Chart," 
class groupings, and students' work. 

The classroom was organized into i^ctivity centers. There are three 
centers called Station 1, Station 2 and Station 3 (see Figure 2). These were 
not additional areas but tra. ^formations of the students' seating areas, so 
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that the kidney shaped table became Section 1, the rectangular table became 
Station 2, and the circular table became Station 3* The "computer center/* 
where the classroom's one computer was located, and the typing comer (with 
five old typewriters) were a sub-set ot Station 3, There was also a "whole 
groun" area (the floor space in the center of the room). 

The computer was located against the north wall of the classroom under 
the windows. It was on a moveable cart that contained all the necessary 
hardware and software: Apple //e computer, one disk drive, monitor, printer, 
and disks. It was somewhat isolated from the rest of the classroom by the 
arrargcment of oth^r classroom furniture (tub, bookshelves, teacher's desk, 
divider/display boards). Students working on the computer had their backs to 
the rest of the class. The area was fairly spacious, however, and the 
teacher could see the computer screen from her usual location at Station 1. 

Students were placed into ability groups for language arts and math in 
the beginning of the year. Ability grouping was done on the basis of 
assessment tests that BMS administered herself, along with the 
recommendations of the previous year's teacher. Wall charts listing the 
students' names and the math and language arts groups were located above the 
blackboard. The schedulir.g and rotation of the students through the stations 
depended on these groupings which were flexible, and subject to change during 
the school year. 
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The Daily Schedule 

7;30 School starts. 

7;40-8:00 Whole group meeting in whole group area. This is 
the time for 1) News, 2) Things to Share, 
3} Anuouncements , and 4} Questions. 

8; 00-9: 00 Math. 

On Monday and Friday, whole class activities are con- 
ducted. On Tuesday, Wednesday and Thursday, the stu- 
dents rotate through the stations at 20 minute inter- 
vals. Monday through Friday, pairs of students are 
scheduled on the computer for 20 minute sessions. 

9:00-9:30 Writing (pencil-and-paper) . 

Whole group instruction that breaks into individual or 
small group work. 

9:30-10:00 Nutrition and Recess. 

10:00-11:25 Language Arts/ Science/Social Studies. 

On Monday and Friday, whole class activities are done. 
On Tuesday, Wednesday and Thursday, the students rotate 
through the stations at 25 minute intervals. Monday 
through Friday, pairs of students are scheduled on the 
computer for 25 minute sessions. 

11:25-11:40 Oral Reading. 

Teacher reads out loud to whole class. 

11 : 45- 12 : 30 Lunchtimc . 

12:30-12:55 SusUined Silent Reading. 

Students and teacher read silently. 

12:55-1:15 P.E. (Physical Education). 

1:15-1:30 Class History. 

Whole group activity. Students review what they did 
during the day. VIP of the week writes it on a 3x5 
card that is placed on the Class History wall display. 

1:30 School ends. 



Writing Activity . Writing was an integral part of this teacher's 
curriculum prior to the initiation of this project in her classroom. This 
emphasis led us to concentrate attention on language arts when the computer 
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was introduced into the classroom ♦ During the writing activity that took 
place from 9:00 to 9:30 everyday, students wrote with paper-and-pencil. The 
computer was not used during this time. 



which includes the following phases: pre-writing, writing, response, 
revision, post-writing, and evaluation. The length of time it took to 
complete a writing project varied from one to four days and d^.pended on the 
goal of the project. Writing for the development of fluency focused on pre 
writing and writing only, whereas writing for a class book or a class 
newspaper included all stages* During writing time, BMS either wrote along 
with the students or she walked around the classroom providing help as needed* 



BMS initiated a writing project with the class as a whole. The class is 
called together at 9:00 to the whole group area where BMS introduced the 
topic and conducts a pre-writing activity. During the year, this included 
clustering worda on the blackboard or a big sheet of paper, brainstorming 
ideas about content or titles, reading examples, drawing pictures, etc. 
Students returned to their seats to carry out a particular pre-writing 
activity, or, if sufficient tiire had been spent on pre-writing, the students 
began the writing sUge of the process. 

During the writing stage, BMS emphasized that they are writing only a 
first draft and they shouldn't worry about spelling or punctuation at this 
time; those issues were focused on during later stages. Students were given 
a certain amount of time to write (approximately 10-15 minutes) and a timer 
was set. Students wrote individually, but occasionally consulted BMS or 



BMS* classroom instruction in writing focused on the writing process 
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peers for help. During this time BMS wrote herself or helped students, for 
example, or wrote spelling words on the board. 

When writing time was finished, BMS either collected the papers marking 
the end of the session, or, if time allowed, she asks for volunteers to share 
their stories -Ith the class • She asked the rest of the class to listen to 
the story and think about what they like about it. Students were often eager 
to share their writing and BMS chose from a number of raised hands. After 
a student read his or her story, the other students responded informally to 
the writer regarding what they li ed about the writing. Responding students 
were generally called on by the writer (or by BMS if the writer didn't seem 
to be doing it). The writer also chose the next person to share his or her 
writing. 

The third stage, response, was also conducted in a whole group. BMS 
began the session by reviewing the phases of the writing process they 
completed thus far: clustering and writing. She then wrote a short segment 
on the blackboard of an anonymous student's paper. She asked how to make the 
segment "even better." Students raised their hands and were called on 
individually. They pointed out spelling errors, missing punctuaJ:ion, or ways 
to make two sentences out of one long one. BMS showed how to make changes 
by correcting the segment on the blackboard: the change or mistake was 
circled so the writer knew what it was, or the correct spelling or 
punctuation was written on the paper. 

BMS then divided the clar^: into editing groups for response. Each table 
usually made up an editing group. She gave each table 3-5 papers with the 
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directions to read the story and edit it. Students read and edited 
individually. When a student completed one paper, they were to read another 
one, until they had read all of the papers assigned to his or her group. 
If the students had problems reading the writer's handwriting (which they 
often do) they were to ask the writer about the word. If they did know how 
to spell a word, they were to use the dictionary or ask a peer. During this 
phase, BMS walked around the room and helped or directed students to other 
resources. This phase of the writing process was characterized by a lot of 
peer in teraction/ consul tation and walking across the room to the original 
writer. Once s^gain, the timer was set for a limited amount of time for the 
editing process* 

The fourth sUge, revision, begins as edited papers were returned to the 
writers along with clean '*white" papers (beige wood-pulp papers were used for 
the first drafts). Students rewrote their papers for the final draft. 
BMS reviewed revision guidelines which included assessing the editing 
suggestions that were made, consulting with the editor about the reason for 
particular corrections (if they were questioned), looking up spelling errors, 
and recopying the paper in legible cursive writing. Students worked 
individually at their tables, occasionally consulting peers or BMS as she 
walked around the room. 

V/hen the revision/rccopying was complete, the papers were assembled in a 
public way for the post-writing stage of the process. They were hung on 
the wall in the classroom or put together in a class book. The whole writing 
process from the beginning to the end of a particular project usually took 
four or five days to complete. 
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Language Arts Instruction . Language Arts instruction occurred from 
10:00 to 11:25 daily, but the structure of the activity varied according to 
the day of the week. On Monday and Friday instruction was generally in whole 
group form or a variation of ability groupings. On Tuesday, Wednesday, and 
Thursday, students rotated between the three stations in 25 minute 
intervals. The cciuputcr, however, was used daily by scheduled pairs of 
students for 25 minute intervals (duplicating station-rotation scheduling). 

BMS prefaced the language arts period with a description of the 
introduction activities for the day. This introduction took place in the 
whole group area. It was particularly important for Station 3 where 
students worked independently. A thorough demonstration of the computer 
activity for the week took place on Mondays (and as necessary during the 
rest of the week). Students gathered together at the computer center for 
this demonstration. Before station-rotation began, BMS reviewed the day's 
computer assignment and, if a scheduled partner was absent, another one was 
chosen by the designated student. 

Station Potation: Tuesday Through Thursday. As mentioned earlier, the 
classroom was divided into three work stations. In general. Station 1 
focused on reading comprehension activities with the direct involvement and 
presence of the teacher. Station 2 focused more on English, Science, and 
Social Studies activities. Activities planned by BMS were coordinated by the 
teacher's aide (DT). Station 3 activities focused on spelling and were 
independent of direct adult supervision. The computer activities va sub-set 
of Station 3) focused on writing and were frequently under the observation 



Computers in Classrooms 
Final Report NIE G-83-0027 



January 31, 1985 
30 



(although not the direction) of a project researcher. 

Scheduling for station-rotation was established in the beginning of the 
year and was changed for curricular reasons during the yeai. Students were 
placed in three ability groups of approximately nine students each; Orange 
Group, Purple Group, and Green Group, Students* names were written on a 
sheet of appropriately colored construction paper and the lists were placed 
in a row above the blackboard (from left to right: Orange, Purple, and 
Green) * 

When station- rotation began at 10; 10, the Orange Group went to SUtion 
1, the Purple Group to Station 2, and the Green Group to SUtion 3. At 
10:35, the teacher rang a small bell indicating the end of the first 
session ♦ Students completed their activity and waited for the next bell to 
signal the next rotation. Students rotated clockwise around the room so that 
Orange Group went to Station 2, Purple Group to Station 3, and Green Group to 
Station 1 (refer to Figure 2). This cycle was repeated at 11;00, completing 
the rotation of all students through all of the stations. 

There was also s schedule placed above the computer that indicated the 
pair of students to be on the computer during each 25 minute interval. 
Since the computer vaa a sub-set of Station 3, students were scheduled onto 
the computer when their group rotated into Station 3. Therefore, two 
students from each ability group used the computer each day. 

Typical activities at Station 1 included use of the Weekly Reader, 
reading plays, poems, booklets, etc. BMS stressed higher level reading 
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comprehension skills such as inferencing and sequencing. Social studies were 
incorporated into language arts through such topics as safety and 
decision miking. 

Station 2 activities involved games or other manipula tives intended for 
practice with various English skills (for example, punctuation, 
capitalization, prefixes, vocabulary development, etc.). Station 2 was also 
used as a follow up to Station 1 (for example, answering questions pertaining 
to a particular reading activity in social studies and science), and as a 
seasonal "Holiday Station." 

Station 3 activities focused on spelling and writing, includ;-ig search 
puzzles, writing storien incorporating all the spelling words, or typing the 
week's spelling words on the typewriter. Section 3 activities were without 
the direct supervision of an adult and therefore required some special 
support materials. For example, on the bulletin board next to SUtion 3, 
there was a manilla folder for students* completed work, and another one for 
typing paper. There was ilso a paper for students to check off their names 
when they completed the given activity. Students usually worked on 
individual activities at Station 3. However peer interaction was abundant and 
in most cases encouraged (unless the noise level became too high, requiring 
teacher intervention) • 

The computer activities focused on writing. Students worked in pairs 
(whicli is unlike most of the classroom activities). Support materials 
giving directions were placed all around the computer: the primary note 
indicated the program/activity to be done for the week, step-by-step 
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directions on how to operate che word processing program, how to edit text, 
basic start-up and troubleshooting directions, posters with ideas for 
writing (pre-writing materials). Since the computer activities were also 
without the supervision of an adult, students had to solve any problems they 
encountered themselves, by referring to the support materials or by calling 
a peer or an adult for help. (There was frequently a research observer 
nearby who could provide assistance.) 

Activities on the computer involved creating stories from pre 
programmed story parts, writing Computer Pal letters to students in a nearby 
school, editing poems that students have created, and writing newspaper 
articles for the Computer Chronicles. 

When students completed an activity on the computer they were to print 
out three copies of the text (two for themselves and one tor a file for the 
teacher). They then checked off their names from the Station 3 list indicating 
that they had completed the Station 3 activity. 

Language Arts: Monday and Friday . Monday and Friday activities were 
basically whole group activities. BMS began the session on both days at the 
whole group area, going over new vocabulary words. 

At approximately 10:20, students broke into their "Ginn Groups." These 
groups were similar to the Orange, Purple, and Green aoility groups, however 
they specifically covered the classroom's five Ginn reading levels. During 
this time, BMS worked with Levels 10 and 11, UT worked with Level 8 and 9, 
and MV worked with Level 7. On Monday, students were given papers outlining 
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the week's Ginn lesson and related homework. Students began the lesson in 
their small groups and were to complete it for homework. The lesson included 
"Skilpak" activities for parents. This work was corrected on Friday during 
the same time period. 

At approximately 11:00 on Monday, Spelling Super Star awards (stickers) 
were given to students who improved on the week's spelling tests. Following 
this, the week's spelling words were given in a pre- test. This was basically 
a whole group ac':ivity except for the Ginn Level 7 Group which took a 
separate test outside with DT. On Friday, a spelling post-test was given 
during this time period. 

During this time, pairs of students were using the computer for 25 
minutes. Special arrangements were made for them to complete missed work (if 
necessary) and get the week's assignments and spelling words. 

Summary . This classroom was organized into small groups for the 
purposes of instruction, primarily small groups were used in all curricular 
areas, most notably those associated with language arts. Whole group 
activities appeared twice: onc^ during the teaching of math, and once as a 
way to introduce language arts activities. 

Some of the small groups were supervised directly by the teacher or 
aides; others were supervised indirectly. In indirectly supervised groups, 
students were expected to work independently on assignments that the teacher 
had given to them. 
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Computer activities were organized as a sub-set of one of the stations 
during language arts time^ A pair of students went to the computer station 
and carried out instructions that were posted there in a manner analogous 
to the students who go to a station and work on an assignment independent of 
the teacher. 

The teacher placed considerable emphasis on each student's 
responsibility for the group's welfare. A theme in her discussions with them 
and visible when she provided the rationale for or justification of her 
disciplinary action was: students taking personal responsibility for their 
actioas. If students acted out or were dis-^uptive, the teacher pointed out 
that their actions made it impossible for others to work, thereby making the 
entire group less productive. The teacher socialized the students into this 
norm both privat«ly and publically. She attended to individual 
transgressions privately, out of the hearing of other students. On those 
occasions when an individual's or small group's actions had larger 
consequences, she called the whole class together as a group, and reinvoked 
the social contract. 

Tne Organization of Bea . Liner' s 3rd Grade Classroom 

Bea Liner's 3rd grade class at Palmquist Elementary School in Oceanside 
was an English/ Spanish bilingual class. The classroom consisted of 30 
students, although the number varied depending on the curricular activities 
(see Daily schedi:^). Of these 30 ctud^tj^ts, 10 were considered limited 
English proficient (LEP) students, qualifying for bilingual instruction. 
During our initial weeks of observation, from late September to November, Ms. 
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Liner placed a i»tudent teacher who was in training with her in charge of 
arranging the classroom environment. The student teacher organized classroom 
desks to form four main groups or stations. To the nide of the four tables 
that formed tha stations were a semi-circular table and a large round *.able 
where other curricular activities such as science exhibits were located. 
Within this arrangement the computer was placed against a wall, near the main 
classroom exit at the rear of the classroom, with the teacher's desk across 
the class in the opposite comer. 



After the student teacher left, Ms. Liner rearranged the classroom into 
rows: four rows in back of each other, and at both sides of the classroom one 
long row extending from the front to the back of the classroom. Ms. Liner 
also moved the computer from its original position by the door to the 
opposite south-east comer, where the teacher's desk was located previously; 
i.e., at the front of the class where the teacher conducted most of her 
activities. Her desk was moved to form part of the long parallel row near 
the west wall of the class (see Figure 3, below). The computer is partially 
hidden and isolated from the rest of the classroom by a divider, which also 
serves as a display board for the computer users. It contained disks, 
instructions and other relevant information. From her usual position at the 
front of the class, the teacher had a clear view of the children working on 
the computer and was able to monitor any difficulties or problems, as well 
as encourage the students to stay on task. 



ERLC 



Ms. Liner was assisted in her teaching duties by Ms. Delfina Zimmerman, 
a bilingual teacher aide. More than an aide, Ms. Zimmerman functioned as a 
co-instructor and participated fully in all classroom decisions and 
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activities. She arrived at nine o'clock in the morning and immediately took 
charge of the math, reading and writing lessons with the limited English 
speaking students. These lessons, which were planned jointly by teacher and 
aide, were organized into small group activities and conducted ia a 
spacious, round table near the rear of the class. Occasionally, during the 
course of the day, Ms. Liner, also a fluent bilingu.:!, monitored the lesson 
activities with the limited English speaking students, and offered 
suggestions to Ms. Zimmerman. Their emphasis was on team coaching. They 
met regularly after class to evaluate student progress and plan future 
activities. 

While Ms. Zimmerman conducted her lessons, Ms. Liner taught whole-group 
lessons to the English monolinguals in the class. Ms. Liner attempted to 
mainUin both groups of students on equivalent tasks. With the exception of 
the bilingual instructional support provided to the limited English speaking 
students, all students were exposed to a similar curriculum. 

A compute! schedule was posted weekly near the computer center. The 
children were assigned in pairs to use the machine for 30 minute intervals. 
Thus, each child in the class worked on the computer for at least half an 
hour a week. Every Monday morning, Ms. Liner described the computer 
activity for the week and her expectations for the students. She also 
provided examples of the procedures they were to follow, answered questions 
and addressed any complaints. The children learned this routine so the 
rotation of children to the computer proceeded smoothly. 

The Daily Schedule . An unusual feature of th' ; classroom was that 
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students are distributed by ability grouping among three different 
classrooms. For math instruction, Ms. Liner received children classified as 
high ability from two other classrooms while the children in her class not 
classified as such moved to other classrooms participating in this 
arrangement. A similar arrangement was made for reading instruction. In 
this case Ms. Liner received students classified as low group readers. 

The classroom schedule is as follows: 



8:30 



School starts: roll is taken, assisnments submitted, 
flag salute, etc. 



8:30-9:45 Math time: the class composition consist of 20 English 
monolingual students, 6 Spanish dominant (LES) and 1 
Chinese dominant student. 

9:45-10:00 Recess. 

10:00-11:30 Unguage arts, reading, spelling and writing: classroom 
consists of 22 English monolingual students and 10 
Spanish dominant students. 

1 1 : 30- 12 : 15 Lunchtime . 

12:15-1:20 Science unit/optional activities. 
1:20-1:30 Recess. 
1:30-2:05 Physical Education 
2:15 School dismissed. 

Mathematics . The math group (English monolinguals) consisted of 
students classified as high ability. Math instruction was organized as a 
whole group lesson. Ms. Liner stood in front of the class and provided 
directions, reviewed previous work, and introduced new content. She then 
provided the children with a series of problems to solve, usually in the form 
of worksheets. As the students worked on these problems, Ms. Liner moved 
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about the classroom providing assistance as needed. 

Meanwhile, the Spanish dominant students, a much smaller group, worked 
on the tables to the side of the classroom under the supervision of the 
teacher aide. Occasionally the teacher came by the side tables to check on 
the students' progress and offered suggestions. 

The math book used was Mathematics Around Us , California State Series, 
level 19-2^. Some of the topics dealt with were addition, subtraction, 
multiplication, division, ratio, fractions and geometry. The Spanish 
speakers werfj using Mathematics , D.C. Heath & Co. These children worked 
on addition, subtraction, multiplication and rounding. 

Languac a Arts . At the start of reading time, the English monolingual 
c^'ldren clatt«ified as low readers entered the classroom. No such 

:entia:ioc was made for the Spanish dominant speakers. More or less the 
s*. J group of students remained in the class throughout the day. The same 
teaching arrangement described for math prevailed for language arts. Ms. 
Liner taught whol«» group lessons with the English monolingual speakers, and 
Ms. Zimmerman taught a small group lesson with the Spanish dominant 
students. The instructional plan for the Spanish dominant students included 
reading in Spanish (all of the students were reading beneath grade level), 
chile they were being introduced to reading in English. 

The entire school used the Ginn Reading Series. The English monolingual 
students were at Level 8: Give Me A Clue and the corresponding workbook. 
The Spanish speakers used the San ti liana series in Spanish. They were at the 
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Adelante level. When reading in English they were at Level One of Ginn: 
One Po tatoe Two , 

In addition to reading the students also worked on spelling, dictation 
and grammar. Ms. Liner introduced them to writing paragraphs. Every Friday 
the entire class wrote a short paragraph. For grammar lessons, the class 
used the McMillan English and the skills practice book that accompanies it. 

Science and Optional Activities. The activities varied in the afternoon. 
Sharing time usually started off the afternoon activities. Children 
brought- items or anecdotes* to- share with their classmates. This time slot 
was also used for science. They used a book called Concepts in Science 
2- The children read silently a book of their choice for about 15 
minutes. The children were later asked to discuss their reading with their 
classmates • 

The Computer Comer . The children were introduced to the computer 
using a program called Apple Presents Apple . When Ms. Liner realized that 
students interrupted her often if something went wrong, she designated two 
students as "computer experts" to help other students who had questions or 
were experiencing difficulties. This strategy did not prove to be 
successful, as the students continued to rely on the teacher for help and 
rarely turned to more experienced peers. (This topic is discussed in more 
detail in Chapter 5.) 

During the final week of October, Ms. Liner started assigning computer 
activities specific to math or reading and writing. For the most part, math 
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activitie{5 z 



insisted cf multiplication drill 



and practice exercises. During 



reading and writing children practiced spelling and used a program called 
Story land to compare stories. This program was used in Spanish and 
English. 

The Organization of Robert Rove ' s 6th Grade Classroom 

Mr. Rowe's sixth grade classroom, like Ms. Liner's 3rd grade classroom, 
was situated in a math-science, magnet school. The magnet school was 
established as part of a voluntary desegregation plan. The students in this 
classroom were from diverse backgrounds. They had been identified as 
belonging to a variety of special education student categories: from the 
educationally gifted to those requiring extra assistance due to language or 
physical handicaps. The mixing of a diverse group of students in this 
classroom demonstrated an emphasis on mainstreaming and an egalitarian 
acceptance of students' differences on the part of the school and district. 

This school incorporated ability grouping with the mainstreaming of 
special education students through the use of the homeroom concept. The 
homeroom represented a method of bringing diverse student populations 
:ogether while ability groups separate students according to performance 
levels based on standardized tests. Two content areas, reading and 
mathematics, were organized according to ability groups. The students 
reported to their homeroom at the beginning of the school day before 
dispersing to other classrooms which have homogeneous ability groups. 

In each grade the students were grouped into three levels within each 
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content area. The three teachers at a given grade level each had one 
ability group (level) rather than being assigned a heterogeneous student 
population within his or her own classroom • As a result of this policy, 
students changed classrooms, being responsible for taking the appropriate 
books, homework papers, and supplies with them. These rotations between class- 
rooms occurred during the morning hours which were traditionally reserved 
for teaching reading and mathematics. 

The Daily Schedule , The class schedule for this sixth grade was more 
structured in the morning (which revolved around group work) and more 
flexible in the afternoon (which allowed more individual study). Friday 
substituted a "study hall" for the morning math and reading hours. The 
daily schedule was: 



8:30-9:00 Homeroom students (problem solving/journal writing, 
computer time for pairs activities). 

9:05-10:00 Mathematics students (large group— computer time 
activities) . 

10:00-10:10 Recess. 

10:10-11:10 Reading students. 

11:10-11:25 Recess. 

11:25-12:00 Homeroom students (journal writing/problem solving 
activities on computer). 

12 : 00- 1 : 00 Lunchtime . 

1:00-2:40 Homeroom students (computer time for pairs). The 

school-wide goals for collective group and individual 
goals for the students are in evidence within this 
particular classroom* 

Student Besponsibility . This teacher emphasized responsibility to 
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oneself and to the group along with individual achievement. His students 
were expected to work during ':he allotted tim^ in class and take home 
anything they did not finish as homework. Students showed various levels of 
task engagement; however, RR did not single out disengaged students unless 
their behavior disturbed others. Time was provided for students to work on 
assigned homework. On successive mornings students were expected to answer 
the roll call with the response "complete," if they finished and returned 
their homework, or "incomplete," if they had not. The teacher explicitly 
emphasized responsibility when the lesson included group work. RR pointed 
out that no one student should do all the work for the group; they shovM 
share ideas and think about the problem together. Group work was given 
sufficient class time with each day having a specific subgoal to be 
achieved. One objective implicit in the teacher's presentation of the group 
lessons related to the process of systematically outlining a project and 
attacking the project bit by bit. Each group was entrusted with dividing up 
the bits in any way they chose as long as it was equitable. 

The Organization of Mathematics and Problem Solving Instruction . The 
focus of our research efforts in this particular classroom were mathematics 
and problem solving. In these two areas, this teacher used whole group 
instruction followed by small groups or pairs working cooperatively. 
Typically, the teacher prese-ated a lesson to the entire group. He discussed 
the various skills to use to solve the problem or perform the mathematical 
calculation. After a discussion of this work, the students worked on the 
assignment with others. The students were allowed to move around the room in 
order to form work groups. Although students were encouraged to work with 
others, except on a few occasions specified as individual work, they could 
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choose to work on 



their own. 



Rare instances of behavior problems were 



solved by the teacher. He required the student to work independently, 
without the support and input of peers. This teacher had excellent rapport 
with his students and such disciplinary actions were infrequent. BR' s 
teaching style was spontaneous, weaving the students' remarks into the 
lessons, often using their remarks to demonstrate the practical application 
of knowledge. 

Originally the problem solving activity, which became called "the 
Problem of of the Week" opened the school day. The teacher dispensed with 
administrativci details as quickly as possible and moved into the "problem of 
the week" without delay. This tactic worked well wh^n the problem solving 
puzzles were relatively simple~i.e., without conditions which students 
freely interpreted in unique and une?:pected ways. However, once the activity 
was established and the problems more complicated, the teacher felt this 
original time slot was too short and constrained the students' activity. The 
limited amount of time which remained after the necessary homeroom 
activities seemed to dampen the students' creative expression and increase 
their frustration. This constraint was resolved by moving the problem 
solving time to the 11:25-12:00 slot between the second recess and lunch. 

Problem solving instruction focused on several skills: 1) understanding 
initial conditions; 2) understanding the manipulations required to arrive at 
a response; 3) visualizing— ei ther concretely or abstractly--the problem and 
articulating that vision; 4) systematically representing this pr ocess-e.g . , 
identifying patterns, predicting possible answers according to the pattern. 
These skills, often considered steps in the "scientific method," were 
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discussed continually as part of a tscthod for achieving goals {or answers). 



possess more sophisticated skills or because the problem did not lend itself 
reasonably to ano ther me thod • However f the trial s were to be ordered and 
recorded according to an articula table criterion which lead more skillful 
students into "varing one thing at a time." Although the emphasis was on 
systematic problem solving, the activities were free flowing and not 
patterned according to predetermined steps. Students were encouraged to 
explore, think, create, and test their ideas rather than follow a rigid 
pattern of steps 

Classroom Layout . The classroom was located in a ranch style, single 
story school building in which some classrooms had a movable partition along 
one common wall. This classroom had a moveable divider along the east 
wall. The classroom on the other side of the divider had been transformed 
into a "computer lab." This teacher also had responsibility for this special 
resource room. These responsibilities included: organization of the lab, 
organization of the software, teacher in-service, cataloging software 
systematically according to types of curriculum objectives each program 
covers, and administrative duties--i.e. , budget, ordering software and other 
computer materials , etc., presenting information to the district, parents, 
and other interested parties (see Figure 4). 



Trial and error was an accepted method either because the student did not yet 
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Palmquist School 6th Grade 



There were seven bulletin boards set up in this room: 
!• Creative Computing 

2. Art Work - "bark pictures" 

3. Space Station 
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4. Word yall 

5. Mind Benders and Brain Teasers 

6. Game 

7. U.S. map 

The left-hand comer of the black board, located in the front of the 
room, sported a bright yellow sign: Assignments. Under this sign were 
written the day's classroom and homework assignments. 

The Computer Lab . This teacher had time allotted to him in the 
computer lab four tines per week for 30 minutes. Occasionally, he utilized 
the computer lab for his class when it was empty during the math period. 
This math group was the lowest ability group and the students need practice 
at computations. The software available contained a number of computation 
and estimation programs which the students enjoyed along with a few they 
found uninteresting* 

Summary . This teacher taught his class as a whole group, followed by 
individual work with students working alone or in small groups. 
Occasionally, the class was split into two large groups in order to 
accomplish two activities simultaneously. The groups spent one half of the 
available time on each activity. Lessons involving two activities were 
split spatially by using the computer lab next door as the second 
classroom. The focus of teacher-student interaction was on individual 
students* This focus fits the classroom emphasis on responsibility and the 
diversity of its students* 
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Students worked on the lesson activities after the large group 
presentation. During these work periods, the teacher and his aide assisted 
students by privately answering questions znd giving encouragement. Public 
recognition was given to student ideas which served as models or clues (as 
the teacher called them) for others. The emphasis on responsibility and 
cooperation was evident during these work sessions. The teacher did not 
assign workmates or ways to divide up the task. The students were allowed 
these decisions. However, the teacher gave clues and publically recognizes 
students who discovered effective cooperative measures. 

This teacher wove analytic problem solving skills throughout his 
• lessons. Emphasis was placed on systematic approaches which produced 
results. Recognition was given to the trial and error method while 
introducing students to other approaches. Time management was stressed both 
as a student responsibility and as part of a systematic method f >r achieving 
goals. Lesson activities were discussed as whole activities and then as 
component activities. These co^ onent activities were implicitly organized 
in an adult fashion; but, the students are allowed to attempt them according 
to their own logic. 

The computer lab represented an extension of this teacher's 
ins true tloTU4l SL/le. Computer lab activities were presented to the whole 
math group before they entered the lab. Once in the lab, students worked 
individually or in pairs. The teacher or an adult aide was available to 
answer questions, make suggestions and guide the students. Students 
assisted each other whether partners or not by sharing ideas. The teacher 
brought good ideas to the attention of the whole group. The atmosphere in 
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the computer lab was coopera tive--both towards humans and machines. 

The Organization of Kim Whooley* s 5-6th Grade Classroom 

Garrison is an elementary school located in a growing middle class 
neighborhood in a southern area of Oceansiue. Enrollment has increased 10.5% 
over the last year from 540 to 597. The school employs 21 faculty members 
with an approximate class size of 30 students each. 

Ms. Whooley was tha G.A.T.E. (Gifted and Talented Education) teacher for 
the 5 and 6 grades of the entire Oceanaide district. Since G.A.T.E. was a 
district wide program, students were bussed in from other areas. Students 
were selected for placement on the basis of standardized test scores. If 
there were slots left over, they were filled with promising Garrison 
students and if at a later time new G.A.T.E. students were admitted, these 
students were supposed to be removed from the program. Ms. Whooley did not 
want to bump the Garrison students when this occurred so she had a class of 
students. 

The Daily Schedule . The school day began at 8:30 with a "class 
meeting." In the beginning of the school year, Ms. Whooley used this time to 
introduce diestudents to the expectations and routines of the classroom. As 
students became more adept at coordinating their own actions, Ms. Whooley 
used this time to discuss topics of current interest to the class as a unit. 

The class meeting lasted approximately 30 minutes. This activity was 
followed by an hour of math instruction. After a twenty minute break for 
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recess ) there were three periods of language arts instruction. When the 
rec^iss bell rang, the students were led back to the classroom from the 
playground by their teacher in a single line not differentiated by gender, 
age or grade level. Upon entering the classroom, the students went 
immediately to a predesignated location and were generally settled by 10:35 
which is the official beginning time for the first segment of language 
arts. The hour ad forty minutes of language arts time was divided into 
four 25 minute periods c The teacher generally went to her predesignated 
location giving little or no instruction at this point. 

The Organization of Language Arts Instruction . Du^'ig each language 
arts period, a group of students was assigned to one of four activities: 
Reading Group, Writing, Seatwork, and Centers. Reading Groups worked during 
periods one and three and were therefore doubled up; that is, two groups 
worked together during a single period. Students formed a "reading group" 
with' the teacher at the front of the class. While the official district 
reading program was the Ginn series, this teacher virtually replaced the 
Ginn reading program with one called "My Favorite Author." The class was 
divided into two groups; each group was assigned a novel to read. The 
teacher emphasized silent reading and reading for comprehension in this 
ptogram. The teacher felt strongly that students should read complete 
works--stories , poems, books, rather than isolated segments. 

A typical reading group was divided into phases. In the first phase, 
the students were asked general questions about their experiences with a 
topic that had been read or wil? be read in the next segment. The students 
were encouraged to offer personal opinions, interpretations, and provide 
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answers that diverged from any prev' 'US one< The teacher insisted that one 
student speak at a time, but access to the floor was voluntary — obtained by 



di5Cussion, ie teacher oriented the studeuts to the work they have been 
reading. discussion turned to a link between personal experience and 

the events and activit.tes being described in the book being read. Very 
little actual reading took place at the reading circle. Reading was 
assigned for seat work and for homework. When reading was done in the 
reading group, it was often to validate a point about the text or to support 
an interpretation being made about the text. 

Writing and Seatwork . Writing and seatwork were both done at the 
student's personal desk. The writing activity for the day was written on the 
chalkboard. The general pattern involved students generating text based on 
topics provided by the teacher. Seatwork was a tim^ for students to complete 
assignments, read assigned books, or library books, and do homework. 
Students were expected to work quietly and independently at their seats. 

Centers. Center activity had another inner circle of organization. 
There were four centers at different locations along the edge or corner of the 
room. Each center had a unique activity associated with it. Center one 
started out as a typing C(»nter where students practiced specific typing 
tasks, and became a computer center. Center Two served a number of purposes: 
puppet plays, story recording, strategic games and library. Center Three was 
an art center for most of the year, although the form of art changed every 
week. The art form was often connected to a language activity by requiring a 
writing assignment about the art work at a later time. Center Four has been 



bidding or by nominations from the teacher. After a round or two of general 
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a listening center in which students listen to a story on tape while reading 
along in a book, and a map making center which also involves listening to a 
tape. Students at this center listen to map information on a tape while 
filling in worksheets on map reading (see Figure 5). 

There were eight students in each color group and eight students 
assigned to center work during each period. This means that there were two 
students at each center during each period. The scheme for determining 
which students went to which center each period each day is done in two 
steps. First, was students determine when they would go to centers by 
looking at the four-by-four matrix already mentioned. If a student observed 
that his or her color group was assigned to centers for the current period, 
he or she then referred to a four-by-eight matrix chart. The horizonUl axis 
contained the four centers identified by number, and the vertical axis listed 
the names of the eight students in that color group— there was a different 
chart for each group. The student found his or her name and looked across 
to where a thumbtack has been inserted to indicate the center to which they 
were assigned. The thumbtacks were changed every day ^jy the teacher. Each 
student spent one period a week at each center and generally received a new 
partner each time. In practice, it was only the researcher who had to 
continually refer to these charts; the students always seemed to know where 
they should be (soe Figure 6) . 

The end of each period is signified by the ringing of a small hand bell 
by the teacher, when the bell rings, the students move automatically to 
their next assigned location. 



ERIC 



5? 



Computers in Classrooms 
Final Report NIE-G-83-0027 



January 31, 1985 
53 




pa 
o 

Q 

pes 



P 
O 



CO 
Z 



■4h 



BLACKBOARD 



CO u 

gas 



STUDENTS' 
DESKS 



STUDENTS ' 
DESKS 



CENTER 
4 



STUDENTS' 
DESKS 



STUDENTS ' 
DESKS 



STUDENTS' 
DESKS 



STUDENTS ' 
DESKS 



A4 

p 

O 

o 

M < 



V 



FILE 



TEAa.ZR' 
DESK 



CENTER 1 



QUIEI 
AREA 
(TELE- 
PHONE 
BOOTH) 



CENTER 2 




FIGURE 5 
GARRISON SCHOOL: 5-6 Grade 
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FIGURE 6: MATRIX CHARTS 
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The establishment of these practices in which the students had major 
responsibility for the organization of their learning was a signific?nt go^l 
for this teacher from the beginning of the year. She often commented co 
Drale and Mehan that she thought the students needed less academic 
instruction and more instruction about adopting individual responsibility. 
VHiile it was the case th&t the rotation between groups and centers was smooth 
and seldom overtly directed by the teacher, considerable effort was expended 
in establishing these routines during the first few weeks of the year. The 
teacher did not start centers and small group instruction from the first day 
of class. She started with whole group instruction, emphasizing the need for 
individual student responsibility. After two weeks of coaching the students 
about seeking their own answers to questions, not seeking approval or 
sanction from her for each action, not asking her for validation or 
instructions, she introduced them to the centers and groups. 

The introduction was accomplished in a fashion analogous to a stage 
rehearsal. The teacher literally walked the students through the group 
rotation, showing them where each group was to be at various timesT For a 
week following the introduction of groups and centers, the students were 
given explicit verbal instructions at rotations. From that point on, the 
rotations took place without explicit verbal instruction. The students 
internalized the routine and followed it automatically. If the transition 
was particularly slow or noisy, the teacher added verbal cues or 
instructions. But from October 18, it occurred smoothly and quickly with 
students getting settled in less than a minute. During second and fourth 
period when the reading group was not meeting, three quarters of the 
students were at their seats. During this time, the teacher moved around the 
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room monitoring activity both at the centers and at individual desks. 

Summary * Kim Whooley maintained a firm yet flexible pedagogical 
framework. It was firm in the sense that she insisted on certain procedural 
criteria, like following directions, but flexible in terms of the students* 
creative input. One of Ms. Whooley's highest priorities was to encourage 
students to assume responsibility for actions which were within their 
capabilities. She flatly refused to "spoon-feed" her students, forcing them 
CO be aware of and use alternative sources of information like dictionaries, 
instruction sheets and bther students, etc. 

In addition to being encouraged to take responsibility for their 
learning, students were also encouraged to take responsibility for their 
creative expression. Ms. Whooley was very reluctant to prescribe ideas in 
any creative endeavor. If a student solicited her approval of an already 
formulated idea, she gave it, but if the student wanted to be given an idea 
or to have Ms. Whooley select an idea out of several possibilities, rlie 
would not do it. 

Cooperation was also an important theme in this classroom. Not only the 
traditional requirement of teacher-student cooperation, but also cooperation 
between students. In some cases cooperation was an explicit part of an 
activity such as working at the computer center where a pair of students had 
to help each other accomplish a common task. In other cases, it is implicit 
in an activity such as when a student had to attain missed or forgotten 
information from someone other than the teacher. Students were expected to 
give help to anyone who asked for it. 
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These themes were combined with a very explicit spatial and temporal 
organization. With the exception of the students' personal desks, which they 
rearranged every month, the rest of the room was well defined and 
consistent. Centers and resource areas did not move. The time divisions 
were clear with a physical signifier at each transition, either a verbal cue 
or a hand bell. Each time period had a specific organization, but not 
necessarily a single lesson content. 



CHAPTER 3 

MICROCOMPUTER.' AND CLASSROOM ORGANIZATION; 
SOME MUTUAL INFLUENCES 
Hugh Mehan 

We are constantly being told that we are in the midst of a computer 
revolution. The computer is said to be the cause of changes in the 
organization of work, social relations, education, even the meaning of 
citizenship. Since microcomputers are becoming so pervasive in schools, it 
seems appropriate to look at the impact of microcomputers on the social 
organization of the classroom* We are interested to know whether the 
availability of microcomputers in classrooms has an influence on (a) the 
arrangement of the classroom and (b) the curriculum. That is, do teachers 
use time and space differently and make modifications in what they teach and 
how they teach as a result of having a microcomputer available for 
ins truction. 

The extent of the project teachers' knowledge about microcomputers and 
the manner in which they arranged their classrooms for instruction provided 
us with an opportunity to examine the impact of microcomputers on classroom 
organization. All four of the teachers in this project were expert teachers. 
But not all four were expert concerning the use of microcomputers. Two of the 
teachers, BL and KW, had not previously used a microcomputer on a regular 
basis, or had formal training in computer programming or computer use. 
Two of the teachers, BMS and RR, had extensive experience using 
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microcomputers but had not had them available for full time classroom use 
prior to this project. BMS had access to an Apple // for her classroom on a 
part time basis during the previous academic year, voluntarily led after 
school computer clubs and had taught classes on word processing through a 
university extension program. RR was in his third year of regular computer 
use. After using computers for math and language arts instruction in his 
classroom on a part time basis, he now had the additional responsibiliy for 
leading his school's computer lab. This project made a microcomputer 
available to him to use full time within his classroom. 

At the beginning of the school year, that is, before microcomputers were 
introduced into the classrooms, there were two main systems of organizing 
classrooms for instruction. BL and RR used "whole group" arrangements as the 
primary mode of delivering instruction. BMS and KW used "learning centers" 
as the primary mode of delivering instruction. 

The relationships among teacher's previous knowledge about computers and 
the manner in which they arranged their classrooms at the begining of the 
school year are shown below: 
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Figure 7 
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We will discuss the relationship between microcomputer use and classroom 
organization under two headings: (1) the impact on temporal and spatial 
arrangements and (2) curriculum— what teachers teach and how they teach it. 
After our treatment of these topics in this chapter, we will discuss BL's 
classroom in greater length in chapter 7, because of the unique combination 
of changes that took place there. 

We are trading off the convergence of ideas from two quite different 
theoretical approaches to organize our observations. One of these theoretical 
approaches is called the study of "activity structures" and is associated 
with Bossert (1977) and Doyle (1978). The other is called the study of 
"participant" or "participation" structures," which was developed by Philips 
(1972; see aiso 1982), and has been used by Mehan (1979), Erickson and Mohatt 
(1982) Dorr-Brerame (1982), Florio (1978), Au (1980), and Moll and Diaz (1984). 

Both approaches suggest that classroom activities can be described along 
a number of dimensions. These include (1) the size and the organization of 
the work group, e.g., whether the class is organized into one learning unit 
("whole group" instruction) or is broken down into small groups or is 
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organised so that the teacher works with students on a one-to-one basis; (2) 
the task organization in the classroom (e.g., whether the whole class is 
working on a single task or small groups are working on many tasks 
simultaneously); (3) the response opportunities available to students in a 
recitation (e.g,, whether students respond individually or in a chorus); (4) 
the response obligations (e.g., whether studenr-i are allowed to respond 
voluntarily or responses are obligatory); and (5) evaluation (e-g., 
whether evaluation of work is conducted in private or in public). 

These dimensions of classroom life orient our description of the 
relationship between microcomputer use and classroom organization as well 
as our comparision of the structure of instruction when computers are used 
and instruction when computers are not used. 

Ippact on Spatial and Temporal Arrangements 

There was no significant change in the way in which the teachers, BL, 
BMS, RR and KW arranged the space and used time in their classrooms as a 
result of having a microcomputer available for instruction on a full time 
basis. Both BMS and KW had used learning centers extensively in previous 
years. Both teachers used this spatial and instructional configuration when 
a microcomputer was made available to them by this project. BL and RR had 
used whole group methods of instruction in previous years; they continued to 
teach their classses in this manner when this project made a microcomputer 
available for their use. 
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The Inclusion of the Microcomputer into Existing Classrooms 

Arranj^ements ♦ 3HS and Kw injected the microcomputer into their on-going 
learning center arrangements. KW established a "computer learning center to 
complement her Art Center, Science Center, Map Center and her Listening Center. 
Students rotated between these centers, a teacher- led reading group and 
individualized seat work during the course of a morning's language arts work 
(see Chapter 2 for more details). In a similar manner, BMS used the micro- 
computer to complement her previously established methods of instructing 
reading and writing. BMS taught Language Arts to small groups within the 
framework of three activity centers (called "stations"). Three language arts 
ability groups rotated through the three centers four days a week. One station 
was devoted to reading comprehension activities, another was dedicated to reading 
in content areas such as Science or Social Studies, and the third to a variety of 
individualized activities. The computer was made a part of the third station and 
was used td enahnce a number of activities taught in other parts of the Language 
Arts framework. 

The structure of participation in both BMS's and KW's classroom varied 
with the activity being conducted. "Group work," in whici* students carried 
out teacher organized activities without direct adult supervision, was 
characterized by voluntary, student initiated participation. "Reading 
Group," in which students read and discussed texts, was more teacher directed. 
In a typical reading group, students were first asked questions abouL 
their experiences with a topic that had been read or would be read in the 
next assignment. THe students were encouraged to offer personal opinions, 
interpretations and provide answers that diverge from previous answers. The 
teacher insisted that one student speak at a time, but access to the floor 
was voluntary. The floor was obtained by bidding or by nominations from the 
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teacher. After a round or tvc of general discussion, the teacher orient 
the students to the work they had been reading. The discussion turned to a 
link between personal experiences aad the events and activities being 
discussed in the book being read. Very little actual reading took place at 
the reading circle. Reading was assigned as seat work and for homework. 
When reading was done in the reading group, it was often to validate a point 
cf interpretation being made about the text. "Writing" and "seatwork" were 
both done at the student's personal desk. The general pattern for the 
writing activity involved students generating text based on topics provided 
by the teacher. Seatwork was a time for students to complete assignments, 
read books from the reading group or do homework. During these times, 
students worked without supervision, at their own pace. 

RR taught his class as a whole group followed by discussions and then 
seat work with students working alone or in small groups. The typical 
pattern of instruction was for RR to present material to the whole class and 
then engage students in a discussion. Students worked on the lesson 
activities after the large group presentation. During these work periods, 
the teacher and his aide assisted students by answering questions privately 
and by giving encouragement. RR placed the microcomputer against one of the 
classroom walls. Pairs of students were scheduled at the computer in 25 
minute intervals throughout the morning. As each pair's turn came, they left 
the work they were doing and went to the computer. 

BL responded to the availability of a microcomputer for classioom 
instruction in much the way that RR did. She arranged the students' desks 
into rows and primarily instructed her students as a group while they were 



ERIC fid 



Computers in Classrooms January 31, 1985 

Final Report NTL-.G-83-0027 6 5 

seated at their desks. She established a computer center against one of the 
classroom walls. At first situated by the door, she moved it to a location 
closer to her desk after 6 or 7 weeks of use so that she could monitor 
students* activities at the computer more effectively. The computer was 
partially hidden and isolated from the rest of the classroom by a divider, 
which also served as a display board for the computer users, containing 
disks, instructions and other relevent information. From her usual 
position at the front of the clas. BL had a clear view of the children 
working at the computer and in other parts of the loom. The children were 
assigned in pairs to use the machine for 30 minute intervals. Each Monday 
morning BL described the computer activity for the week, her expectat.' 
for their work am ^cvided examples of the procedures they were to follow. 

The manner in which the teachers set up computer center in their 
classrooms had consequences for students * learning . The teachers who used 
learning cent*irs rotated all students through the computer center which aeant 
that they ware not removed from other classroom activities. The teachers 
who used "whole group" instruction, howe/er, removed students from other 
ivities to work at the computer center. As a consequence, they had to 
have -tudents make up for the course work th**^ missed while they were at the 
computer center. Rowe's solution tv the proble.-n was to make it clear to the 
students that it was their responsibility to make up for the work they 
missed while working at the computer. Liner used an elaborate schedule to 
provide students with opportunities to make up for jsed work. 

The Addition of £ New Dimension of P£.r ticipation; Dyadic Peer 
Interaction. While the introduction of a microcomputer for the purposes of 
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instruction did not modify existing spatial e-^ temporal arrangements in the 
four project classrooms, the availability of a microcomputer added a new 
dimension of participation to the classrooms. Each of the teachers in this 
project decided to have two students work at the computer at one time. The 
teachers made these decisions for pragmatic and pedagogic reasons. Two 
students working at a computer increases, perhaps doubles, the total access 
time that a student has to the computer. Since each of the teachers in this 
project had 30 or more students and one computer, the logistics of 
organizing instruction limited the number and length of work sessions. By 
placing two students at the computer at one time, our teachers found that 
they could provide students with two 25-30 minute sessions a week, one 
devoted to math and one devoted to language arts. 

Dyadic peer interaction was the new structure of participation that 
emerged when two students were placed together to work at the computer. 
Students were given /issignments for work sessions at the computer by the 
teacher, either verbally at a whole-group orienting session, or in writing at 
the computer center itself. Students worked together at the computer 
center. The teachers posted numerous sets of instructions around the 
computer. The first set gave students Instructions with basic "boot up" 
activities. Supplementary instructions were added to give more specific 
instructions about each week's activities. Students worked together on the 
assigned activity carrying out the teacher's assignments without direct 
adult supervision. When they had difficulty with computer operations, they 
often called to the teacher for help. However, the teachers' response was 
to encourage the students to use each other as resources, consult the 
w- itten instructions around the computer, or to go to other students for 
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assistance ♦ 

The teachers did not dictate a particular form of interaction to the 
student pairs. They were left to their own devices to sort out the manner in 
wftich the task would be completed. In that sense, the students* 
participation in the computer activity was voluntar}', not compulsory. While 
they were responsible for completing their assigned session at the computer, 
the details of how that session would be completed was left co the 
students. Since the teacher did not monitor the students at the computer 
directly, their work was not evaluated moment- to-momen : or publically, as it 
so often is in regular classroom lessons (Mehan, 1979). 

Although the teachers did not monitor the students' work at the computer 
directly, incidental teacher evaluation was almost always present. As part 
of their regular travels around the classroom, teachers passed by the 
computer center. They often stopped and checked on students* work, off^.rred 
suggestions, or were called upon by the students for help. Students working 
at the computer also called upon other students for help. Vhese students 
gave instructions, and in the process, commented on students' work (see 
Chapter 5 for c more extended discussion of students' use of social resources 
zt computer center). 

As a consequence of this additional participation structure, students 
developed a different sense of social relations. The students assisted each 
other at the computer in ways that were different from their experiences in 
other parts of schedule. They often corrected each other's mistakes and 
cooperated in the completion of assigned tasks. Another consequence of 
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dyadic peer interaction was that it provided social resources which 
facilitated learning. In language arts activities, even when neither 
student began an assignment with an ide£. of what to do, the discussion of 
the problem often presented the students with the way to proceed. In the 
process of entering text, the student who was typing was often concerned 
with such local issues as the spelling of a word, while the other student 
concentrated on more global issues such as the construction of the essay and 
coherence among sentences. We will discuss the cognitive consequences of 
peer interaction in more detail in the next chapter. 

Impact on Curriculum 

BMS, RR and KW. entered the project approaching Language Arts instruction 
from a perspective that integrates the teaching of reading with the teaching 
of writing. By emphasizing the writing process (Cooper ^and Odell, 1978), 
these teachers used the text that students wrote to create opportunities for 
students to read. In turn, texts that students wrote became a basis for 
later reading. 

The computers were thoroughly incorporated into the instructional plan 
of the language arts curriculum. The teachers planned for computer activities 
in the same manner that they planned for other instructional activities. The 
computer was used in all phases of the writing process--pre-wri ting , 
writing, response, revision, evaluation and post writing. The computer was 
not an isolated piece of educational technology that students were taught 
about. It was a functioning p^rt of the classroom environment and was used 
as frequently and in the same way as tables, chairs, typewriters, tape 
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recorders, paper, pencils, chalk and chalkboard. 



'The Computer as £ New Means to Meet Previously Established Curricular 



coordinated with tasks that were carried out in other parts of the 
curriculum. Reading and writing activities that were taught using paper, 
pencils and chalkboards were coordinated with activities that were taught 
using the microcomputer. For example, a poetry writing activity begun with 
paper and pencil was extended to the computer .enter where a similar writing 
activity took place. In this role in the language arts curriculum, the 
microcomputer was a means to meet previously established educational 
goals. As wc will discuss in detail later in this report (see Chapter 6), 
students writing using the word processing systems that are available on 
microcomputers facilitated the development of tJ . students' control over the 
reading and writing processes. This improvement seems to have occurred, in 
part, because the screen editing and printing capabilities of microcomputer 
systems improved the production of students' texts by subordinating the 
mechanical details of writing (such as producing neat script, spelling and 
correcting errors) to the higher order goals of clear writing, fluency and 
the flow of ideas . 

This statement should not be interpreted as a claim that word processors 
are responsible for improved writing, however. The computer oy itself is not 
an agent ot change. In and of themselves, word processing systems can not 
teach children to read and write. While we have found that word processing 
systems can not transform unskilled writers into skilled ones, they do have 
properties that enable teachers to make a new social organization for reading 
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and writing possible. It is this social organizacion and not the 
microcomputer that changed both what was taught and the way in which it was 
taught in the project classrooas* 



Language arts instruction was organized with a microcomputer to 
establish "functional learning environments" (LCHC, 1982; Riel, 1983; Levin, 
1982; Newman, 1984), i.e., those in which reading and writing are organized 
for communicative purposes. It is at this juncture that the microcomputer 
moves beyond its role of providing a new albeit dynamic means to reach 
previously established goals, to providing a medium through which new and 
previously unattainable educational goals can be reached. 



The Computer as £ Means to Meet New Curricular Goals, We extended the 
work o€ Riel (1983) and Levin et aL.(1984) by establishing functional 
learning environiaents using the student newswire service known as the 
"Computer Chronicles" in the project classrooms. The Computer Chronicles 
Newswire is a network that currently connects students from Alask-a, 
California, Hawaii and Mexico. Students from each of these locations write 
and edit articles stored on floppy disks. The disks are sent to all sites 
participating in the network. Students at each site use the articles they 
have written as well as ones written by students in the network to produce 
their local editions of the Computer Chronicles newspaper. The network was 
explicitly modelled on the international news wire service^. Whenever 
possible, students' attention is focused on the parallels between their work 
and the work of newspaper editors and reporters. 



The Computer Chronicles helped the teachers establish learning 
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environments that were functional, i.e., reading and writing were organized 
for communicative purposes and not just as an exercise for teachers to 
evaluate. The presence of an audience for writing, in the form of 
clasamates, parents and peers in Hawaii, Mexico and Alaska, was a crucial 
ingredient in making the Computer Chronicles a functional system for reading 
and writing. Having an audience with which students were unable to 
communicate verbally, but with which they wanted to share ideas, gave 
students a purpose for writing. This writing for a purpose and not "just 
writing" or even writing on the computer, subordinated students concern for 
the mech^inics of writing to the goal of communicating clearly (see Chapter 6 
for a more extensive discussion of changes in students' writing as a 
consequence of participating in these functional learning environments). 



When the students realized that other people would read their work for 
the information they provided and not just to evaluate its form, they took 
control of their writing. They engaged actively in revising and editing 
their own writing and the texts of their peers. After students wrote and 
edited their articles for the Newswire, the articles were submitted to a 
local editorial board for consideration. If the local editorial board, 
composed of five to eight students, accepted the article, then it appeared in 
the classroom newspaper and was read by the author's family and friends. 
Articles were also sent over the newsire to other schools, where other 
students reviewed their work and decided whether to include it in their 
local newspapers. If accepted in these remote locations, then not only local 
peers, but people in Alaska, Hawaii and Mexico read the work. This goal of 
writing for an audience was extremely effective in motivating both reading 
and writing. 
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Summary and Conclusions 

In this chapter, we have considered whether the availability of a 
microcomputer for day-to-day instruction in classrooms affects the way in 
which teachers arrange their classrooms, and modifies what teachers 
teach and how they teach. 

While there is no doubt that there are widespread changes associated 
with the microcomputer in the world of work and education, our research in 
the classroom suggests that it would be inappropriate to co\cludc ctiat the 
computer, in and of itself, is a causal agent of change. When used in 
educational settings, the microcomputer is always a part of a larger social 
system, which includes the students, the teacher, their history of past 
relationships, the history of ways of teaching, the history of ways of 
organizing classrooms, the relationship that the classroom curriculum has to 
to the classroom surroundings, and the relationship between the classroom and 
the school, community and agencies beyond. 

There was no significant change in the way in which the teachers 
arranged the space and used time in their classrooms as a result of having 
microcomputers available for instruction on a full time basis. The 
microcomputer was incorporated into previously established practices for 
organizing instruction. Teachers who used learning centers previously did so 
again when microcomputers became available. Teachers who typically taught 
their classrooms as a whole followed by discussions and individual seat work 
continued to do so when they had microcomputers. This pattern was the same 

ERLC ^ 



Computers in Classrooms 
Final Report NIF-G-83-0027 



January 31, 1985 

73 



regardless of the teachers* previous knowledge about computers. 

The absence of changes in temporal and spatial arrangements that we 
observed when microcomputers were introduced into classrooms shows how 
resilient that classrooms are to attempts to change (Sarason, 1982; Cuban, 
1983). If the results of our modest investigation are replicated in other 
school settings, then we would not be surprised if microcomputers continue to 
be inserted into existing classroom arrangements (Michaels, 1984) and do vot 
lead to wholesale changes in classroom organization. 

While the introduction of a microcomputer did not modify existing 
spatial and temporal arrangements, the availability of a microcomputer added 
a new participation structure to the classroom. Teachers placed two students 
together at the computer. Peer interaction emerged from this arrangement. 
Students worked together at the computer without direct adult supervision. 
They were left to their own devices to sort out the manner in which tasks 
would be completed. While students were responsible for completing their 
assigned work at the computer, the students worked out the details of task 
conpletion themselves, resulting in voluntary not compulsary forms of 
instructional activity. Since the teachers did not monitor the students* 
work at the computer directly, their work was evaluated privately not 
publically by the teacher. As a consequence of this change in participation 
structures, students developed a different sense of social relations. They 
assisted each other at the computer and cooperated in the completion of 
assigned tasks. 

Microcomputers also had an impact on the curriculum in these 
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classrooms. They served as a means to meet previously established 
educational goals, and they provided a means through which previously 
unattainable goals could be reached. The teachers used the microcomputers 
to create functional learning environments in which reading and writing was 
arranged for communicative purposes. The "Computer Chronicles Newswire" 
gave students a reason for writing: to share ideas and concerns with other 
students with whom direct interaction is not possible. The public nature of 
writing provided motivation for re-writing and editing, giving students 
increased knowledge of educational technology. 

The teachers' connection to the student newswire service enabled them to 
achieve important educational goals, goals that they could not have achieved 
as readily had a microcomputer not been available for their use. Students 
from different countries were able to interact via microcomputers and 
telephone lines and participate in joint problem solving activities centered 
on instructional issues. As a component in a unique electronic communication 
system, the microcomputer has the potential to help teachers address 
imporUnt curricular objectives. While students are developing their skill in 
using the computer for word processing, they are being placed in contact with 
students from different cultural backgrounds. In the context of gaining 
experience in communicating across cultural and linguistic boundaries, 
teachers and students are provided with the opportunity to gain understanding 
of the norms and traditions of different cultures and to thereby increase 
understandings of their own cultural norms and traditions. 

In short, the microcomputer was accommodated into existing classroom 
organizational arrangements, but was associated with changes in teacher- 
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student relations and curriculum. Therefore, we are led to dismiss accounts 
which say that classroom culture will dictate the organization of classroom 
computer use and to dismiss accounts which say that the availability of 
microcomputers will cause wholesale changes in education. At this point in 
our investigations, we are more inclined to J^dopt an account that 
characterizes the relationship between classroom organization and computer 
use as 1 mutually influential one. 
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CHAPTER 4 

SOME COGNITIVE AND SOCUL BENEFITS OF PEER INTERACTION ON COMPUTERS 
Hugh Mehan, Nick Maroules and Christina Drale 

For the reasons we described in Chapter 3, each of the teachers in 
our study decided to have two students work at the computer at one time. 
The teachers' decision to place two students rather than one student at 
the computer enables as to ask the following question about computers in 
classrooms: 

Do students working together receive cognitive and 
social benefits from their interactions? 

The cognitive issues that arise from peer configurations at the 
computer concern the relationship between learning in social situations 
and learning in individual situations. Simply stated: are social learning 
situations productive? Do pairs of students working together 
get their work done, or does their attention get diverted from assignments? 

While there have not been many studies that directly compare learning 
in group vs individual situations at a computer (the exception is 
(Trowbridge and Dumin, 1984), there are studies which suggest that there may 
be benefits which accrue to students working together that do not accrue 
to students working alone in studies of peer learning. Vygotsky {197"' 
discusses learning situations in which more knowledgeable people assist 
less knowledgeable people until the less capable are able to take 
over the task. In this way of thinking, knowledge proceeds from the 
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social to the psychological , as individual learners internalize the 
teachings from representatives of the larger society. 

Observers of students teaching students (Steinberg and Cazden, 197 9; 
Mehan and Ricl, 1981; Riel, 1982) find that peers make suggestions, model 
and demonstrate activities to each other. Studies of ^^cooperative 
learning" situations (Webb, 1982; Slavin, 1983; Kagan, 1984) [in which a 
classroom of students divided into small teams whose members are 
interdependent] show students improve in academic achievement, interethnic 
relations and pro-social development. These gains are especially 
prevalent among sociocul tural minorities. 

Verbal interaction is a potentially important mechanism in 
these situations, because students working together talk out loud to each 
other. The act of verbalizing material is thought to lead to cognitive 
restructuring on the part of the students who are attempting to explain. 
Verbal interaction is also imporUnt because it leads students to hear 
different points of view, which, in turn, can lead to cognitive conflicts. 
Cognitive conflicts are imporUnt, it has been argued, because it forces 
learners to examine their own understanding, and to seek resolutions of 
conflicting viewpoints (Piaget, 19/1). 



Background Information 



Before assessing whether there are cognitive and social benefits of 
peer interaction at the computer, we will provide some background 
information about the organization of a work session at the computer and 
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the desigr. of the software employed by the teachers. 
The Phases of £ Computer Work Session 

A given work session at the computer can be thought of as a "lesson" 
because it has many of the elements of claisroom lessons described 
previously (Mehan, 1979; Shuy and Griffin, 1978; Erickson, Schultz and 
Florio, 1982). One of the points of similarity which is important for our 
purposes concerns the sequential organization of the work activity. A 
work session at the computer has three "phases"; "a start up" phase, an 
"academic" phase, and a "wrap up" phase. 

The start up phase is concerned wit', initial machine operations. 
Students select a disk from the library of discs available to them near 
the computer, insert a disk into the disc drive, turn on the machine, move 
disks around, call up the menu, select the program from the menu. The 
nominal academic phase places the students in interaction with the program 
selected. We say "nominal" academic task here because previous research 
(e.g.. Hood, Cole, and McDermott; Mehan, 1980; Kiel, 1982; LCHC, 1982) 
has pointed out time and time again that students' definitions of 
situations do not necessarily match teachers' definitions of situations. 
As a result, we make the principle of multiple definitions of situations 
an operating tenet of our research. The wrap up phase is the mi :ror image 
of the atart up phase. Students leave and update their program, print 
their work, remove disks and return them to the library, turn off the 
machine, and leave the work station. 
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Software D e&^ gn 

The software that our teachers used for language arts can be placed 
along a continu?jm from those that orovide a gzeat deal of support for 
composing text to those that provide very little support. The computer 
dees mos^ c ' .he work at the supportive end of the continuum, and 
students must do most of the work at the miniotai support end. 

Static Frames with Lesson Frames with Open Frames 

Fixed Content Content Added with Variable 

Con tent 

< > 

Progr n Controlled Mixed Control User Control 

Figure 8: A Continuum of Educational Software (from Riel et al., 1984) 

The prompts at the most sup^^ortive end of the con':.auum are program 
controlled. They arc organized as static frame; with content that does 
not vary. Information appears as tixed choices, analogous to multiple 
choice questions. Students produce a text by selecting between 
altemat^.ve wording in the texts and by choosing different branches or 
story episodes. Th« prompts of the software at the ne :t step on the 
continuum provide a mixture of control between program and us'^.r. Students 
are asked to fill in words and phrases as well as make choices among 
predetermined options. As students increase their writin^ skills, more 
and more of the writing activity is taken over by the students. The next 
^has^ shifts control from the program to the user by having students work 
ii^ithin A Jen frames in which the content of students* work can be varied. 
Studects enter their own sentences in response to specific proapts. 
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Finally, students produce complete texts on their own. 

This continuum of support will be illustrated by reference to a set 
of interactive texts called "the Expository Prompt." Developed by one of 
the teachers in our study (Miller-Souviney , 1985), this •'oftware was 
used by the teachers in our project iu sequence from program control to 
user control. 

Keve is an example of the Expository Tool at the program control 
end of the continuum. Students choose among fixed options presented 
by the computer program when creating an essay about making a sandwich: 

SANDWICH PROMPT 
Today is 

1 . Sa turday 

2. Martin Luther King Jr.'s Birthday 

3. Teacher's Workshop Day 

4. National Take a Computer to Lunch Day 

(ChoosB 1...4; 0 to exit); 
(Type a number then push return) 

and I have a dt, off from school. 
My parents are 

1. at work 

2. climbing Mount Everest 

3. eating at a restaurant 

4. playing tennis 

(Choose 1...4; 0 to exit); 

Er|c rt4 
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(type a number then push return) 

so I 'aave to make my own 

1. breakfast 

2* lunch 

3. dinner 

4* snack 

(Choose 1...4; 0 to exit); 
(type a number then push return) 

(etc.) 

After students gained familiarity with choosing among fixed options, 
the teachers moved to the next phase on the continuum. Here is an example 
of a mixed control program. Students add the content to the frames 
provided by the program to make a story about a "School Day Schedule": 

SCHOOL DAY SCHEDULE PROMPT 
The name of my school is 
? 

(Type, then push CTRL-C when done) 
It is in the town of 
? 

(Type, then push CTRL-C when done) 
I am in grade 
? 

(Type, then push CTRL-C when done) 
and my teacher* s name is 
? 
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(Type, then push CTRL-C wheu doae; 
I have a very busy schedule at school. My class does 
all sorts of things to make it fun to learn, 
(etc. ) 

This "School Day Schedul " prompt provides students with the 
beginnings of sentences and paragraphs and invites students to complete 
the ideas begun for them by the expository prompter. 

As the students increase their writing skills, the teachers moved 
them further along the continuum toward user control. In the third expository 
writing task, the students are presented with the topic of "how to run a 
co.Tipuf-r." Topic sentences for each palatograph as well as reminders of what 
is contained in each paragraph are provided. Students entez their own 
sentences which become the int^uvlnction, body, and conclusion of thrir 
fessay. 



We are lucky kr.re at Olive School. We have Apple 
computers. We use them to help us practice our 
spelling and math, write stori«»s and lots of other 
things. An Apple computer is easy to run. Just 
follow these simple directions. 

First, it is important to know the different parts of 
the computer and w'lat each does. 

(Write complete sentences telling the parts of an 
Apple and what they do.) 



(Type, then push CTRl-C when done.) 

Next, to start the Apple, several switches need to be 
turned on. 

(In complete sentences, describe where each switch is 
and what it Joes.) 



HOW TO RUN AN APPLE COMPUTER 



? 




So 
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? 

(Type, then push CTRL-C when done.) 
etc • 

In the final activity ia the expository writing series, students are 
presented with "How to,./' topics to write about, but little in the way of 
supporting instructions. Students are now responsible for producing 
complete texts on their own. 

HOW TO PROMPTER 



Think of something you know how to do that you could 
explain to a friend about. For example, you may know 
how to wash dishes, run a computer or clean your 
room. 

Remember : 

1) The first paragraph is your introduction and will tell 
something about the activity. 

2) The second paragraph will tell the steps it takes to 
do it. 

3) The last paragraph Is your conclusion and can tell about 
how you feel when you finish the activity or when you 
will do it again. 

Throughout these activities, the educational goal is for the quality 
of the writing to remain constant while the degree of the participation of 
th« learner increases, concomitant with a decrease in the degree of 
support provided the computer. 

The Divisio n of Labor in Computer Operations 



The circumstances at the computer center are complex. An academic task 
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is presented to the students, the goal or end point of which is specified (e» 
g», edit a letter, write an expository essay), but the means to reach that 
goal and the manner of completing the task are not specified by the teacher* 
Faced with the challenge of figuring out how to carrying out the teachers 
instructions, it was possible that one student would dominate the encounter 
and perform the entire task alone while the other student watched passively 
and helplessly. We did not find this kind of imbalance, however. Like 
Levin, Boruta and Vasconcellos (1983) before us we found that the students 
cooperated to complete the tasks at the computer. We did not observe any 
work se;ssions in which one member of a pair performed all operations and the 
second member of the pair did nothing. Thus, a division of labor is one 
consequence of placing two students together at a computer for the purpose of 
accomplishing academic tasks. 

Diversity in the Division of Labor 

Vhile students divided up the assigned task in each and every computer 
work session, they did not divide the task in the same way upon every 
occasion. The procedures that the students used to divide up the task ranged 
from those which had a sequential quality to those that had a paralle l 
quality. 

S-^quentlal Processing. Sequential processing occurred when students 
divided up ne task into units and took turns, each student performing all 
the actio.s eces^ary to complete jhat unit. Once a student had completed 
iiis or bcr turn, s/he turned the keyboard over to the other student. 
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The turn units varied in size* The smallest unit was a single key 
stroke e.g., entering a letter or a number in response to a prompt from a 
"forced choice" computer program, or pushing a return key. Turn units of 
intermediate size included a sequence of key stroke-return key combinations 
or a string of text. The largest turn unit was a complete text. When 
writing a complete composition, a student made all the choices necessary to 
complete a poem or a story in response to prompts from the computer program 
(e.g.. Sandwich Prompt, Science Fiction Story or How To Run an Apple 
Computer) • 

The following example is representative of those in which the task is 
divided sequentially, i.e., one student completing a turn is followed by a 
second studen'; completing a turn. In this example, the students have been 
asked to write a science fiction stoiy. The software is at the "Program 
Control" end of the software continuum (sae Figure 8), i.e., students make 
choices from a menu of selections presented to them on the monitor: 

Example £1 (BMS classroom; Oct. 6, 1983; students writing 

writing s«:ories with Science Fiction Story Maker"] 
Turn Ss Action 

1 M,S: What is your name (reading from monitor) 

2 S: Me first (begins to type) / Ok first we'll do my name/ Return 

3 M: (presses return key) (makes selection, presses return key) / 

makes selection, presses return key) 

4 S: I get to do (makes selection) / Your turn 

5 M: (presses return key) 

6 S: (makes selection, presses return) / Your turn 
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7 M: (makes selection, presses return) 

8 S: Ho 

9 M: (makes selection, presses return) / (presses return) 

(BMS 9; Oct. 6, 1983) 

The first few exchanges between the students in this work session were 
characterized by considerable competition for a turn to respond to a prompt 
(see lines 1-4). There were also frequent shifts in the length and duration 

f a student's turn in interacting with the computer. Table 1, below, 
summarizes turn units and order for the turns in which students made entries 
during this work session. 



Table I 

Summary of Turn Units and Order BMS 9; First Story 
Turn Student Unit 

2 S name 

3 M return key/selection key/ 

return key/selection key/ 
return key 

4 S selection key 

5 M rr im key 

6 S selection key/return key 

7 M selection key/return key/ 

selection key/return key/ 
return key 

9 M selection key/return key 

While we have the "ab,ab" alternation which is so characteristic of 
naturally occurring conversations (Sacks et al. , 1974) and classroom lessons 
(Mehan, 1979), we also have units varying in size from a single press of the 
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return key (turn 4) to a sequence which involves multiple selections (turn 
6). In addition to the variability in size and duration of turn units, the 
first stories that students wrote at the beginning of the school year were 
often characterized by considerable competition among participants in an 
effort to establish ownership of valued resources, e.g., the computer 
keyboard. Consider the following story written by A and B: 

^PP^e #2; [BriS' classroom; Oct. 4, 1983; Students were writing 

writing stories using "The Science Fiction Story Maker") 

Turn Ss Action 



u 


B: 


What is your name, what is your name? 


2. 


A: 


(enters text) 


3. 


B: 


(makes selection) 


4. 


A: 


I get to do the next one, okay? 


5. 


B: 


I get to pick though, I get to pick though 


6. 


A: 


Uh uh. *vOu do one and I do one 


7. 


B: 


Okay, giant giant 


8. 


A: 


(makes selection) 


9. 


B: 


No tiny tiny / no wait. Okay, now I get to 


10. 


A: 


No, you do this one 


11. 


B: 




12. 


A: 


Yeah okay, you do this one 


13. 


B: 


(enters selection) 


14. 


A: 


And I do the next one/ Return/ Now I get to 


15. 


B: 




16. 


A; 


(makes selection) 
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17. B: No 

18. A; I get to pick, now you get to pick which one 

19. B: 

20. A; Go 

21. B; tiakes selection) 

22. A; Now I get to pick the next one/ (makes selection)/ Now I'm 

going to pick two. Yesterday's was stinky. 

23. B: (makes selection) 

24. A; (makes selection) 

25. B: No/ (makes selection) 

26. A: (makes selection) 
(BMS 3: Oct. 4, 1983) 

In this sequence, A is vociferous in his attempts to allocate 
alternating turns every time the computer provides a prompt. We can see at 
least iight specific actions on A's part in this effort, (see lines 4, 6, 10, 
12, 14, 18, 20 and 22), which suggests that students attached a high value 
to a limited resource — access to the computer keyboard. 

By making selections from a menu, students were able to create between 
five and nine stories in a 25 minute working session. By the time stuients 
had created three stories together, th'^.y discarded small units (e.g., 
keystrokes) and negotiated nhe "story" as the turn- taking unit. The 
systematic nature of this shift from turn-units of smtll to large size became 
even more evident as students wrote more and more menu-driven stories 
together. 

The systematic shif'v from small turn-units to large turn-units also 
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illustrates the multiple definitions of the situation, which in turn, 
reinforces the need to talk about the academic task in nominal terms. While 
the teachei' had defined the goal of the academic task in terms of students 
gaining practice with hard and software and producing complete stories with 
the aid of the computer, the students often saw this activity differently. 
For many, it became a session in which to produce as many and as silly 
stories as was possible. This alternative definition of the work session 
sometimes resulted in frantic key pressing and story printing. 

Parallel Processing . Parallel processinj^ occurs when students divide 
the task into actions such that one student is responsible for certain types 
f actions and the other student is responsible for other types of actions. 
In general, one student took responsibility for entering text, while the 

ther student took responsibility for monitoring the text entry. The student 
who adopted the monitoring role made suggestions about story content and 
corrected mistakes in machine operations. This "in-process editing" of 
stories and poems included modifications of language mechanics such as 
spelling and grammar and those concerned with more global issues such as the 
overall organization of an essay and coherence among sentences. 

The following exchange is an example of parallel processing in which 
student R does all the key entry while student S contributes in process 
editing : 

E xample #3: [KW's 5-6th grade classroom, Dec. 1, 1983; students were 

editing a letter previously written by the teacher 
using the Writer's Assistant Text Editing System] 

Turn Ss Ac tion 

S: Do you think we should put a comma there? 
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R: I don't know. First of all we've got to drop the whole word, 

S: Yeah. 

R: Morning. ...Where's drop? Drop. 

S: Then... 

R: All right, we drop one more sc that that gets erased, and then 

control-C. 

S: And then you push in. 

R: Input. 

S: M-o-r... 

R: Okay, m-o-r-n-i-n-g , good morning, and then... 

S: Control-C 

R: Urn, no. I think we should put a, a what's it? 

S: Exclamation? 

R: Yeah, exclamation... 

(KW #11, Dec. 1, 1983] 

Notice that the task is no longer a series of turn units, but rather a 
single unit with shared responsibility. Student S asks, "Do you think we 
should put a comma there?" (turn #1). Student R answers " We've got to 
drop the whole word" (turn ^1) . This is very different than the "I" and "you' 
language in Examples 1 and 2. This pronominal usage marks the shift from 
single production to joint production in the students' work. 

In the next exchange, the division of the task into two parallel 
processes is more pronounced as student X does all of the key entry while 
student Y suggests the content. 
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^^"P^^ £ii l^'^'s classroom April 26, 1984, students were assigned 
to write a newspaper article using the Computer 
Chronicles Prompter] 

Turn Ss Action 

1. Y: What is this? 

2. X: I don't know. (X does key entry] That scares me when it does 

that.) 

3. Y: Okay, that's it. 

4- X: Okay, let's think about this. 

5. Y: Uhm, let's look at things to write about. [Y looks af posted list 

of things to write about] Uhm, I know. 

6. X: What? 

7. Y: Let's write about the book club.. .Tom Sawyer, Tom Sawyer? 

8. X: Wait, wait, let me look at this ((pause)) okay, we'll write about 

the book club. 

9. Y: What? 

10. X: We'll write about the book club. 

11. Y: Let's see what we've got... news. 
^■2. X: Or would it be fun; no, news. 
1-3. Y: News. 

1^- X: School news. 
Y: School news. 

16. X: Uhm, do we have a headline? ((pause)) Garrison book, Olympic book. 
Garrison salutes the Olympics, uhm Garrison book club? 
Y; No, Garrison Olympic book club, okay? Garrison Olympic book club, 
(daughter)) I feel like I'm being wired, [referring to the video 
equipment] 

X: ((laughing)) I know. Okay, we <*o have one. 
Y: Garrison Olympic book club. {X enters headline.] 



17 
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20. 



X: 



I feel liKe your secretary kind of. 



21. 



Y: 



[In an affected tone] Please type this, please send this letter in 



please. 



22. 



X: 



I know, I love to type, ((pause)) 



I'll do all the typing, I like to type. 



IT 



23. 



Y: 



) right in my face. [referring to ihe video equipment] 
It's kind of uncomfortable. ((pau?e)) 



24. 


X: 


Garrison. • . 


25. 


Y: 


Garrison, I'll write it in. 


26. 


X: 


Olympic book club. 


27. 


Y: 


I know. 


28. 


X: 


V 11 type it all in. 


29. 


Y: 


((sigh)) (says name of partner) 


30. 


X: 


B, b, okay. [X continues to do all key entry] And then shift. 



(KW #19, April 26, 19^'4] 

This example demonstrates the Importance of role in parallel processing. 
Each student has diffarent responsibilities throughout the entire task and 
any infringement of role responsibilities bring sanctions from the other 
student. The division ot labor is not rigid, however. This example shows 
that students negotiate their roles and responsibili tie^ ; responsibility for 
the content of the story is shared even though student Y usually has the 
final say. 

Later on in this woik session, student Y ^zkes on the role of in- process 
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editor. 

Example ^5; (KW's classroom, April 26, 198A. Students were assigned 

to write a newspaper article using the Computer Chronicles 
Prompter] 



lUXu 


OS 


Ac tion 


1 


A I 


Garrison. [X is doing key entry] 


2. 




It 9 iiorar lan , no t liaorarian • 


'I 

•J • 


A • 


UKAy • 


A 

** • 


V • 


AU «««« 

Un no . 


D • 


a: 


(I messed up) How do you spell librarian? 


0 • 


V • 


I 11 spell it. [Leans toward the keyboard] 


7. 


X: 


No, uo, 1*11 type it, you juat cell me. 


8. 


Y: 


L-i-b-r... 


9. 


X: 


A-i-n. 


10. 


Y: 


No, it* s not. 


11. 


X: 


It's i-a-n. 


12. 


Y: 


No , it* s r-a-r , 


13. 


X: 


R-a-r [X enters letters as she says them] 


14. 


Y: 


I-a-n. 


15. 


X: 


I-a-n» 


16. 


Y: 


That* s better. 


17. 


Y: 


Okay. 



(KW 1^19 Apr!) 26, 1984] 



Summary. A diversity in the division of labor is a second consequence 
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of placing two students together during work sessions at the computer. 
Students divided up the task presented to them in variety of ways, 
parallel and sequential processing being nhe prototypical procedures. 

Influences on the Division of Labor 

The variety of ways in which students divided the task put before them 
by the teacher was not randomly distributed. The two main procedures, 
sequential and parallel, appeared at specific times of the year. Sequential 
turn taking was the prevalent procedure in the Fall of the year. This was 
the time when students were first exposed to working with a microcomputer and 
teachers used "program control** software. Later in the year, when students 
had learned more about computer operations and had been exposed to **user 
control" software, this method of dividing up the task was replaced by 
parallel forms* A combination cf social precedent, the structure of the 
machine and the design of the software seems to account for this shift in 
procedures for divding the task. 

Social Precedents 

Cooperation and turn taking are social values that are u^^ually 
encouraged in the elementray school classrooia. Students have been told on 
many previous occasions to **'-ake turns** and **to share.** Classroom lessons are 
organized according to turn-taking conventions (Mehan, 1979; McHoul, 1978). 
Therefore, when students firct came to the computer center in the Fall of the 
year, they r-\y have initial)*' applied cheir past experience with classroom 
turn-taking conventions to this new situation. Once they became familiar 
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with machine operations and the difficulties in shifting control of the 
keyboard after every keystroke, they may have developed new approaches, ones 
that were appropriate for this new medium • 



A microcomputer is designed for one user. It has one keyboard and one 
monitor. The decision to place two students at a machine designed for one 
influenced the organization of interaction and academic work. These machine 
design features contributed to the competition for turns that was so notable 
between the students in the Fall of the year (see examples H and #2 above). 
Faced with the problem of distributing access, they devised solutions to the 
dilemma which was imposed by the machine's design. At first, students 
jockeyed for a position in front of the machine that was more advantageous 
for entering text. Students rushed to the computer center to gain access to 
this "keyboard seat." As students gained more experience, they distributed 
access in more cooperative ways: the duratiot; of turns was longer (the 
"story" or poem not the key press became the turn-unit) and parallel 
processing replaced sequential processing. 

Software Design 

The design features of the software also influenced the interaction that 
took place between the students. The structure of prompts in fixed choice 
software (those at the program control end of the continuum in Figure 2) 
forced the students to consider the possibility of taking turns every time 
the computer complied with one of their instructions, while the structure of 
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prompts in open ended software (those at the user control end of the 
continuum in Figure 1) seemed to facilitate parallel actions, those in which 
one student performed one set of actions while another student performed 
another set of actions simultaneously. 

Summary. 

A shift from sequential processing to parallel processing was evident 
in the three classrooms as the school year progressed. The students' 
initial use of sequentially organized turn-taking conventions seems to have 
been influenced by their previous knowledge of classroom activities and the 
design of the machine. The shift from sequential to parallel processing 
seems to have been influenced by the design of the the software that the 
students were assigned to use. 



Conclusions 

Tha teachers wanted their students to master the operation of the 
microcomputer and be able to use the microcomputer for academic tasks e.g., 
composing poems and editing essays. The teachers started the students* 
learning process at the computer in a decidely social manner: pairs of 
students worked together to accomplish assignments. As we stated at the 
beginning of this chapter, we want to knew whether social learning situations 
are productive. Do pairs of students working together gain benefits 
that do not accrue to students working alone? 
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When pairs of students were placed together at the microcomputer, they 
cooperated in the accomplishment of the task by dividing the labor between 
them. Sequential processing and parallel processing were the principle ways 
in which the labor was divided by the students. It was by dividing the labor 
that students completed the task assigned to them by the teacher. Hence, at 
the mc ^t basic level wc can say that the presence of a microcomputer in 
classrooms for the purposes of instruction is not anti-social; in fact, it 
has the potential to serve many social functions in the classroom. 

Pairs of students placed at a microcomputer for the purpose of writing 
using software which prompted students to pick from pre-determined 
choices were found to divide the Usk sequentially. Some students 
alternated access to the keyboard every time the machine provided a prompt 
which resulted in one student responding to a prompt and the other student 
managing the return key. Other students conducted more operations before 
turning the keyboard over to the other student. By the third story in a 
work session in which three to five stories were written, students had 
settled on the story as the unit in terms of which they would take turns. 
Once the students settled on the story as the turn-taking unit, one student 
entered a complete story while the other student provided assistance in the 
form of comments and suggestions about technical operations of the program 
and the computer. 

Pairs of students placed at a microcomputer for the purposes of writing 
using software which placed control of the task literally in the hands of the 
students divided the task in parallel. While one student was engaged in 
entering text in response to general hints provided by the software, his or 
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her partner was engaged in monitoring computer operations such as the use of 
the return or control keys and monitoring writing operations such as 
spelling, grammar, sentence structure and the overall coherence of the 
composition* 

These exchanges point out the possibly productive role of 
verbal interaction in classroom learning. The students working together 
talked out loud to each other. These acts of verbalization lead the students 
to consider alternative formulations of tasks and to restructure tasks in the 
light of new information. 

When the division of labor is examined across the whole school 
year, a general trend can be detected from sequential processing to parallel 
processing. The most accelerated point of the transition occurred when the 
software changed from program controlled to user controlled. For instance, 
in November, KW replaced "Storyland" (which is a "program controlled" program 
with "Computer Pals," which is a "mixed Control" program. Concomitant with 
this shift in software is a shift from sequential to parallel processing. 
Similar transitions occurred in the other two classrooms as well. Hence, the 
shift from sequential processing to parallel processing seems to have been 
influenced by the design of the machine and the design features of the 
software that the students were assigned to use. 

It is interesting to note, furthermore, that students did not revert to 
sequential processing once they gained experience with parallel processing. 
KW introduced software during the month of February ("Expository Tool") 
that starts students at the forced choice end of the software cont5nuum (see 
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Figure 8 above). Students continued to divide the cask in parallel. This 
suggests that software, while important in determining division of labor 
patterns, is not the sole determinant. In this case, a new social precedent 
had been established and was maintained despite software changes. 

The relationships between software design and methods of dividing the 
computer task are shown in Figure 9. 



Program Controlled Mixed Control User Control 

Software Software Software 



Sequeatial Parallel 
Processing Processing 

Figure 9: Software Design and the Division of Labor 
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We wish to thank Liam Bannon for his commentary on this chapter* 

"Computer literacy" includes the mastery of machine operations (Bitter, 
1982). In many computer literacy courses the mastery of my^chine operations 
is taught separately from and prior to computer applications. Students are 
first taught how to locate machine parts, insert disks, boot programs, 
manipulate files, operate the keyboard, printer and monitor. Once they have 
learned machine operations they are introduced to computer programming, usually 
in BASIC or PASCAL, and then, in advanced courses, to uses such as text 
editing, spread sheet analysis or data systems management. 

The separation of machine operations from computer applications in the 
acquisition of computer literacy is parallel to the separation of reading 
readiness from reading in the acquisition of print literacy, Reading 
readiness is the teaching of the subparts of the reading process, such as 
sound-letter correspondence, word order and decoding which is taught prior 
to and independent of engaging in the activity of reading itself. 

The separation of machine operations from computer applications is like 
the separation of reading readiness from reading. Both are atomistic. In both 
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cases, th<i assembly of the parts of the task (either machine operations or 
reading readiness) into the whole task comes after students master the 
components of the subtask» 

The teachers in this project adopted a different, more holistic 
approach to computer literacy. The teaching and learning of machine 
operations was embedded within academic activities such as reading and 
writing. Students were not taught machine operations first and computer 
uses second. Students were taught "keyboarding," disk management, file 
prodvctiou, file maintenance and text editing in the context of academic 
tasks. In any given language arts or mathematics lesson, students were 
presented with academic tasks to complete. In the process of learning to 
writ^ essays, generating school newspapers and couposing poems, students 
were also learning the process of using the microcomputer. Correcting 
the spelling in a student's letter or writing a Haiku poem on the 
computer required the student to operate the machine as well as read 
and write. 

The teachers' decision to embed the teaching of machine operations within 
the teaching of machine uses enables us to examine an important question 
about computers in classrooms: 

Do students develop computer literacy skills when 
machine operations are taught within the context of 
academic tasks? 

In order to answer this question, we examine students' •^'•curally 
occiirring trouble shooting routines and their performance on a computer 
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literacv test. The trouble shooting routines were the procedures that the 
students employed in cases of trouble or difficulty when working at the 
computer. The computer literacy test was a functional, hands on examination 
or students' computer knowledge administered at tne end of the school year. 

Students arc being asked to learn two things at once when they are 
learning machine operations embedded in academic tasks. An important issue 
that arises, then, is whether embedding computer literacy training in an 
academic curriculum facilitates or interferes with learning. It is possible 
that the students will learn both about the computer and about academic tasks 
at the same time and equally well. It is a.lso possible that learning to use 
a text editor will interfere with the process of learning to write. For 
example, students' productivity, style and fluency might be suppressed by the 
difficulty they have in learning text editing commands and manipulating 
disks . 

Ve were able to examine the holistic approach to computer literacy in 
tKO ways: (1) by tracing students day-to-day work at the computer from 
October to June and (2) by adainistering a computer literacy test to the 
students in the project classrooms at the end of the school year. We will 
examine students trouble shooting at the computer center first, and discuss 
the results of the computer literacy ttst second. 

Trouble Shooting 

In previous chapters, we have identified three phases of the work 
session at the microcomputer, which we called start up, academic and wrap up. 
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The students' actions within each of the three phases of the computer work 
session can be conceptualized as a decision making routine. Students must 
take a series of actions in order to accomplish the task set before them by 
the teacher* 

The Computer Work Session as £ Decision Makin g Routine 

The computer work session starts with the most basic machine 
manipulations; the students must insure th^»t the power is on and load the 
correct disks. Once the students are interacting with a program, the 
decisions become more subtle. The sv »nt5 must select appropriate 
subrrutines (writing, printing, inserting text, deleting text etc). The 
content of students* work is at the heart of the decision making process. 
Students choose what text to enter. In the case of program controlled 
software (explained above), this choice may take the form of selecting among 
preformed phrases or in the case of user controlled software, this choice 
involves composing words or phrases. Software and hardware choices appear 
again after students have finished their work. Naming files accurately 
saving text, perhaps printing copies, removing disks, turning off power are 
included here. 

This decision making sequence is depicted m Figure 10: 

.+...^..,^...5^... ^.^.5^^^.^^.^^., J.,. J. J 

Figure 10: A Computer Work Session Visualized as a Decision Making Routine 

key: [ or ] « a machine manipulation decision 
+ a software manipulation decision 
ff =* a content decision 
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Once students have mastered these steps, the process can become so 
routine that students' actions do not appear as planned choice or 
calculations at all. ^c found it useful nevertheless to characterize the 
students' interactions with the computer as a decision making routine because 
doing 50 facilitated our study of students' learning machine operations 
embedded iu academic uses of the computer. 

By focusing on students' actions at each decision making point, the ease 
and facility of students' progress through the work session could be gauged. 
Presumably, if students are manipulating disks, selecting programs and 
engaging the program quickly and effortlessly, chen we have a warrant for 
saying that work session is proceeding smoothly. If, however, students 
fumble with the power switch, can't load disks, clog the printer with paper 
and do not work on assigned programs, then we have an indication that the 
work session is not proceeding smoothly. From this set of assumptions, we 
make an inference: the wore smoothly the students pass over the myriad of 
decision making points, the better they are performing machine operations. 

The warrant for this line of thinking comes from sociological studies of 
"routine everyday activities" (Garfinkel, 1967) and investigations of what 
people do when breaks, disruptions or breaches in routine activity occur 
(Sacks, 1966; Ramos, 1973, 1979; Mehan, 1979: 97-103). Disruptions in 
routines and the work that people do to re-establish the routine are 
instructive places to look for an understanding of how people learn to carry 
out routine work. 

106 



Computers in Classrooms 
Final Report NIE-G-83-0027 



January 31, 1985 
106 



When a computer work session is viewed as a decision making routine, 
ere are literally hundreds of decisions to be made* Students traversed the 
great majority of these decision points with ease. On only a few occasions 
within a given work session did a student's work routine breaks down. 
Breakdowns were defined as any disruption in students' work routines. These 
included : 



students paused to consult printed instructions placed 
around the computer 

students selected the help option available within the 
computer progran 

students aiiked a teacher, observer, aide or other student 
for help with a problem 

students stopped work to try and solve problems 



This way of conceptualizing routine work and disruptions in routines caused 
coding difficulties which may have influenced our analysis. It is easier to 
hear students calling for a teacher or p-5er than it is to see students glance 
at a wall chart or computer screen. Therefore our conclusions about the 
relative use of social and print resources must be considered tentative*. 

Calls for Help and Software Complexity 

The problem solving routine at the computer center involves decisions 
about machine manipulation, sr ftware and the content of teachers' 
assignments. We wanted to know whether students' difficulties were related 
in any way to the kinds of decisions that they had to make during the course 
of a computer work session. One could imagine that students would have less 
trouble with machine operations, software management and content choices as 



Computers in Classrooms January 3L, L985 

Final Report NIE-G-83-0027 LC7 

they gained more practice at the computer center. To examine this issue • we 
calculated the number of calls for help per work session for each month in 
the three classrooms. The results are displayed in Figure 11: 

Figure 11: Percentage of Calls for Help 
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There is no clear temporal patterii in the three classrooms* While we 
did not see a linear decline in calls for help during the school year, we did 
discover a powerful relationship between the type of software assigned and 
students' calls for help. Differences in the number of calls for help per 
month was a function of changes from one type of software to another. 

All three teachers started the year by introducing their students to 
"program controlled software." As students mastered the academic tasks 
inherent in these programs, the teachers introduced software that shifted 
control to the user. As we explained in Chapter 4, program control and user 
control softT ire place different cognitive demands on students. When using 
program controlled software, students insert a disk, select a program from 
the menu which is presented on the monitor, and form a story or a poem from 
choices provided on a list. Disk management is limited to a single disk; 
program management is limited to single letters, the return key and the 
Control-C function. 

Writing witu user control software is more complicated. Students must 
manipulate two disks in order to boot up the programs. While they still 
choose a program from a menu, they must use more program management keys. In 
addition to return key and Control-C functions, students must know (I)nsert and 
(D}rop commands while composing text. 

Editing text is even more complicated. Students must master all the 
disk managemen^. operations and program management operations associated with 
writing, and be able to move the cursor using arrow keys, the Control-I 
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function or jump commands* Disk management is also nore complex* Files must 
be named at the end of a work session and be located on one of a number of 
disks at the beginning of a new work session* 

When the type of software that the students used in a given month is 
considered, then a pattern of student learning emerges. As Figure 11 shows, 
students generated SZ of all calls for helj. in BMS' classroom iu October* 
During this month, they were exposed to Program Control software such as 
Apple Presents Apple, Science Fiction Story and Master Type* In the 
following month, they were exposed to The Writer's Assistant, a user control 
program for composing poems and essays. The percentage of calls for help 
rose from 8% to 12%. The students continued to use this software for the 
next two months. There was a slig^ t increase in the number of calls for help 
during this period, 17% of all calls for help occurred in January, while 16% 
occurred in February. In March, BMS increased the complexity of the 
students' tasks at the computer. They participated in Computer Chronicles 
Editorial Boards and became responsible for editing students* newspaper 
stories. There was an accompanying increase in students' calls for help 
during this period; 24% of all calls for help occurred then. Students 
continued to write and edit for the remainder of the year, and we see a 
decline in students' difficulties during the final months of the school year* 
Only 11% of all calls for help occurred in April and 12% occurred in May* 

A similar pattern existed in KW's classroom* She introduced her 
students to Storyland and Apple Presents Apple in October; the students 
ragistered the most calls for help during this month. In November, the task 
shifted to editing previously written text; we found a decline in calls for 
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help from 19% to 8%. In December, another new task was introduced. 
Students were called upon to write on their own; the calls for help increased 
from 8% to 17%. The assigned task between January and April was similar to 
that assigned in December, and we found a decline in calls for help. The 
students averaged 9% calls for help during these months. During May, KW 
clianged the task from writing to editing on the computer; we found the same 
increase in calls for help in this classroom as we found under similar 
circumstances in BMS' classroom. Twelve percent of the calls for help 
occurred in April (when students wetv. writing at the computer) while 19% of 
calls for help occurred in May (when the students were editing at the 
computer) . 

The age of the students in BL's classroom had an influence on the 
relationship between students' mastery and software complexity. Her students 
had more trouble mastering the program control software than did the older 
students in BMS' and KW's classroom; 27% of calls for help occurred in 
November and December. BL continued the use of this software into the Winter 
months, and gradually moved the students down the continuum of control by 
using software like the Horus stories and Storyland. We found a sharp decline 
in calls for help during these months; 3% of calls for help occurred in 
January, 6% in February and 5% in March. In May, BL introduced the students 
to composing stories at the computer. This shift from program control to 
user control software was accompanied by a sharp increase in the students' 
calls for help; 27% of all calls occurred in May. 

In general, students experienced initial difficulty with computer 
operations and program wanipulations , and then gained control of them. The 
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shift to a more complex task was accompanied by an increase in students* 
difficulties as indexed by student calls for help* As students worked with 
the more demanding programs, they mastered more complex routines • 

The Transformation of Problems 

The relationship between students' mastery of conip»iter operations and 
the complexity of software is even more pronounced when the type of 
errors that students made through the school year is considered. Students 
did not ask ^^eople to help them with the same kinds of problems throughout 
the year. They called for help with more sophisticated and subtle aspects of 
computer and software operations as the year went on. Recall the conception 
of the work session as a decision making routine depicted in Figure 10 above. 
In these terms, students at first ran into trouble with the first and last 
steps in the computer using process, then had trouble managing the software, 
and finally had trouble with decisions about the content of their entries. 

Program Control Software and Computer Operation Difficulties. When 
students were first exposed to the computer in the Fall of the year, they ran 
into trouble with initial steps in the computer using process • They did not 
know how to turn the power on; they inserted the disk in the disk d^ive 
upside down. They expressed concern at the "blinking red light" on the disk 
drive; since it was red, they thought there might be danger. The blinking 
cursor also led some of the students to express d'may. They often had 
trouble going through the sequence of steps involved in booting a program* 
Jnce they booted a program, they had trouble locating a program on the disk. 
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Saving and printing text at the end of a work session also caused 
students considerable difficulty in the beginning of the year. They often 
tviid to save a file with the wrong disk in the drive. They didn't know 
whether they should print a file or not. 



the students to solve. These new problems did not seem to be added on to 
previously existing problems, however. Inst;iad, what had previously been 
considered to be a problem was mastered and became routinized. Old 
problems were replaced by new ones. 

When students graduated from program control software to the initial 
stages of user control software the source of their problems shifted as well. 
By November in KW's classroom, December in BMS*s classroom and January in 
el's classroom, students had the steps in the Start Dp and Wrap Up phases of 
the computer work session under control. There were fewer calls to adults to 
help with disk insertion, on and off switches and disk selection. Students 
had less difficulty getting the machine ready for work. Now calls for help 
focused on the use of software, not on the use of the machine. 

Once they booted a program, students constantly forgot to press the keys 
that shifted the program into different modes (e. g., the I key for inserting 
text, or forgot to press the return key after text had been entered). Another 
recurrent type of problem that plagued students when they first encountered 
user control software was accidently pressing incorrect keys and not knowing 



Initial Use of User Control Software and Software Manipulation 
Difficulties, The introduction of new and complex software into thr 
students' learning environment introduced new and more complex problems for 
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how to recover fr^ai the situation. The Control-C key (which signals the 
completion of a computer operation) was often pressed instead of keys that 
enable text to be inserted (i. e., Control-I). Or students attempted to 
enter text without setting the computer to the insert mode. When students 
began pressing keys to enter text, the computer, not set to accept 
instructions, often threw the students into strange places, including program 
language. 

When students finished working on a text file, they were instructed to 
name the file according to certain procedures so they could find their work 
at a later date. Naming and locating texts that had been named previously 
caused students difficulty at this stage in the development of their computer 
mastery. Likewise, they confusisd the disks that controlled programs with 
disks that stored students* files. These problems, which are concerned with 
acre technical aspects of wachine operations, accounted for the bulk of the 
calls for help from students to adults when students first encountered user 
control software. 

User Control Software and Difficulties with Editing Commands 

Concommitant with the shift to composing texts and editing them at the 
computer (tasks at the "user control" end of the software continuum), we 
foimd a shift in the situations that caused students trouble, which in turn 
led them to call for help. For example, the students had problems throughout 
the year with the editing commands of the word processing system. However, 
the nature of the problem shifted from those associated with initial 
processes (e. g., beginning to type without first pressing the appropriate 
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command key— Control I for (I)nsert, or forgetting to press Control-C when 
ending an (I)nsert, to problems of a more conceptual nature. Evident when 
students began writing and editing were problems such as: 

Adding new text at the end of a line when the cursor won' t 
move past the end of the text; 

Moving sentences or larger units of text; 

Adding space between blended words or sentences (e. g., 
between the two c" s in Theend); 

Exchanging text vithin a sentence (e. g., text for test); 
Aligning the title of storias or poems in the center of the page. 

While students spent tine wrestling with these problems, their previous 
ditricultics with program booting and final machine operations did not 
continue to plague them. These problems had been solved, and were now 
incorporated into the routine of the work session. 

The Use of Social Resources in Trouble Shooting 

Another way to look at students' mastery of machine operations and uses 
is to consider the sources that students consult when they need help. In 
order to obtain this information, we computed the number of times that 
students stopped the routine of the work session, and "called for help" with 
their work. We then determined where students turned for help when these 
disruptions in their routines occurred. This information is prasanted in 
Table 2. 
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Source of Help 



Adults Students Written T/E 

Tchr/Aide Obs Tutor Partner Peers Instr Screen T 

Classroom 

KW (N-315) 23% 30% 05% 07% 07% 18% 04% 06% 100 

BMS(N-450) 11% 58% — 09% 05% 11% 04% 03% 100 

BL (N-258) 12% 55% 01% 06% 01% 11% 04% 05% 100 



Table 2: The Sources of Students' Calls for Help in Computer Work Sessions 

[key: Tchr/Aide— Teacher or Aide T/E— trial and error; an 

Obs— Observer from Research Team individual search] 

The students in all three classrooms called upon the observer most 

frequently, and the teacher second most frequently, when they needed help. 

Students turned to the written instructions about computer use posted around 

the work station third most frequently. The student's partner was the next 

most frequent source of help when difficulties arose in KW's and BMS's 

classroom, while instructions available on the computer screen w^re the next 

most frequently called upon by BL's students. In short, social resources were 

the most predominant source of help when students ran into trouble at the 

computer. 

The predominance of social resources becomes even more apparent when 
the categories in Table 2 are collapsed as in Table 3 below: 
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Sources of Help 





Adults 


Students 


Printed Instructions 


Trial and 


Classroom 










KH 


537: 


19% 


22% 


6% 


BMS 


69% 


14% 


15% 


3% 


BL 


67% 


08% 


20% 


5% 



Table 3: Major Categories of Calls for Help 

Here we see more starkly that adults were called upon for help most 
often. Printed instructions were consulted more often than peers were called 
upon, but the calls for help to adult and student sources combined far 
outweighed consultations cf instructions posted at the computer and available 
on the computer screen. 

The relatively infrequent use of information sources in these 
classrooms is linked to the problem solving theme discussed in the cognitive 
sciences literature. One need look no further than Simon's (1949) 
Administrative Behavior for a discussion of the use of convenient 
strategies in problem solving. He describes "satisf icing" as the vay that 
people solve problems which involves the selection of the first available 
option or solution that gets a job done. Satisficing is often contrasted to 
"optimizing" or other formal operational procedures in which the problem 
solver is expected to run through the full range of all problem solving 
routines, selecting the best one, not just any one that will do. With his 
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emphasis on sa^isficing, Simon is pointing to the practical element in 



strategy if a suitable and couven^ent one will do. 

The students at the computer had a range of options available to them in 
time of trouble (teachers, observers, aides, other s'^-dents, instructions on 
the screen, instructions posted around the computer and each other). From the 
standpoint of the teachers* long term goals for students' learning, the 
selection of written instructions or individual problem solving (what we 
have been calling "trial and error" here) would be seen as optimal. Yet the 
students overwhelmingly called upon the observer and the teacher which were 
much more convenient and immediate ways to solve problems. 

Social Resources and the Local Expert 

Our finding that students turn to social resources rather than printed 
materials or on-screen instructions when they have trouble working at the 
computer is consistent with recent work in the field of human-machine 
interaction (Bannon, personal communication, 1985; Norman and Draper, 
1975). Scharer (1983) reports that only 10-15Z of several dozen 
data processing trainees who were taught using long and thorough user guides 
consulted them during initial training and in work sessions . observed 6 
months after the completion of training. Instead of consulting manuals, the 
trainees listened carefully during demonstrations and took notes. Notes were 
referenced continually, but the manual was not. Within each group of 
trainees, one or two quickly understood the material and became local heroes 
by helping others. Most of this teaching was "show an J tell" not "write and 



problem solving; people do not necessarily employ the optimal problem 
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This pattern of relying on "local experts" accompanied the trainees when 
they finished training and went to work. New users were trained by more 
experienced users, again by show-and-tell rather than through manuals. 
People who had learned the system were consulted for answers to pressing 
problcjs. These local experts were not necessarily in positions of 
institutional authority; they had developed local and relevent knowledge and 
were called upon when needed. 

In Scharer's terms, the students in our project's classrooms were 
treating the observers, teachers and some times each other as local experts. 
The observer was known to the students, afterall, to be a knowledgeable 
computer person and was sitting within 5 feet of the students at the computer 
center. And teachers are the conventional source of knowledge in students* 
eyes. Wh«n student:? were celled on, those who had just completed a work 
session at the computer center were most often treated as local experts. 
Students who were having trouble sought out students who had recently left 
the computer center for advice, perhaps using the logic that they may have 
encountered and even solved similar problems. 



V/hen local experts responded to students* calls for help, they, like the 
adults in Scharer's study, adopted a "show and tell" and not a "write and 
read" mode of instruction. They sometimes took over the keyboard from the 
students who were in jeopardy and performed the operation that was causing 
difficulty. They also demonstrated the relevent operations so that the 
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Jeopardized students • 

The mode of instruction that developed between local experts and 
students has more in common with informal education (Greenfield f^nd Lave, 
1983; Scribner and Cole, 1973) than it does with the formal mode of 
instruction usually associated with one classroom. Students learning from 
each other .-^nd other local experts employed the show and tell, observe and 
demonstrate techniques that are associated with expert weavers and tailors 
teaching their apprentices. They did not employ the verbal mode of 
instruction they so often encounter with their regular classroom teachers. 

Summary 

Pairs of students at the computer worked together on language arts 
tasks. The students made a series of decisions in the Start Up, Academic and 
Wrap Up phases of the computer session in order to complete the assigned 
task. For the most part, students were very efficient in carrying out this 
decision making routine. Strudents checked the power source, loaded the 
correct disks, selected the appropriate program, chose the appropriate sub- 
routine within the program. When finished entering text, students made 
files, printed copies, removed disks and turned the power off. 

On some occasions, the smooth and fluid flow of the work routine was 
disrupted. Students had difficulty operating the machine, handling the 
software or deciding what to write and how to manipulate software commands in 
order to write. We found that these disruptions, or breaches in routines, 
were productive place^i to look for information about the organization of 
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routine interaction* 

When students had difficulty with machine operations, program 
manipulation or text editing commands, they called for help. The adults in 
the classrooms-- teachers, observers and aides— were called upon most 
frequently by students when they ran into trouble. The instructions about 
computer use posted around the computer center were the next most frequently 
consulted resource when students called for help. 

Measured in terms of sources consulted in time of trouble, at least, the 
students in these classrooms can be characterized as choosing the most 
immediate and available solutions when problems in the decision making 
routine at the computer arise. The use of this "satisf icing" strategy 
resulted in the exploitation of social resources in the form of local 
experts. 

In order to determine whether students* difficulties were related to the 
kinds of decisions that students had to make, we considered whether students 
had fewer difficulties as the year went on, that is, as they gained more 
experl«cc at the computer* While we did not see a linear decline in calls 
for help over the course of the school year, we did discover that the 
complexity of software had a strong influence on the frequency of students' 
difficulties. Studants experienced more difficulty and called for help raore 
often when they were introduced to sof ^^^re that placed greater cognitive 
responsibility on them. Students* difficulties (as indexed by their calls for 
help) increased in the months in which the teachers shifted from program 
control software, i. e., in which the students had to manage only one ^Isk 
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and formed stories and poems by selecting options from pre-determined lists, 
to user control software i« e,, in which students had to manipulate more than 
one disk, name files and enter text free style. The initial difficulty that 
students e-.perienced when introduced to more complex software diminished. As 
students worked together with the more demanding software, they mastered the 
new and more complex routines. Their calls for outside help declined. Thus, 
instead of a straight line decline in students' reliance on outside help, we 
found a more jagged learning curve. When confronted with more complex 
software, students* difficulties increased initially, but declined as th / 
entered new skills into their work routine • 

The students' mastery of more complex computer routines was made more 
visible when the types of errors that the students made throughout the school 
year was considered. Students did not call for help for the same kinds of 
problems in the Spring as they did in tb^ Pill. They called for help with 
more sophisticated problems as the year went on. In the Fall of the y-ar, 
when user control software was used, the students had difficulty with the first 
and last steps in the computer using process, i« e., machine operations. In 
the middle of the school year, students had trouble with the stages of the 
decision making routine associated with software manipulation, i.e., naming 
and retreiving files. At the end of the school year, the students had most 
of their difficulties with subtle editing routines, such as adding new text, 
exchanging new text for old, and moving text from one part of an essay to 
another. 

Thus, while stude'" ts continued to rely on social resources throughout 
the school year (i. e., during the shift from program control to user control 
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software), they did not call upon help for the same problems. The calls for 
help were about more technical problems later in the year than earlier in the 
year. This pattern of trouble shooting is an indication that the students 
obtained a deeper level of understanding about the software and the computer 
through their experience with a holistic approach to computer literacy. 

Testing Computer Literacy 

This examination of students' trouble shooting routines in naturally 
occurring work sessions at the microcomputer gives us considerable insight 
into the utility of teaching computer operations within the context of 
computer uses. These results are reinforced by our examiniation of 
individual students' performance on a computer literacy test. 

Members of the project designed a functional computer literacy test 
which was designed to measure students* knowledge of computer functions and 
ability use the computer. It was a "hands on" test. Students 
performed actions at the computer in response to questions asked by a member 
of the project staff. 

Part I consisted of eight questions about the parts of the computer 
system. Students were asked to label computer components and explain their 
function. Questions were included about computer parts that had never been 
mentioned in the classroom like the Central Processing Unit. Complete or 
perfect answers were awarded 2 points, incomplete or partial responses were 
given 1 point. No responses or incorrect responses received 0 points. 
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Part II required the student to use the software to enter text, save 
the text on disk and print a copy of the text. This involved a sequence of 
about 10 steps. A perfect score of 20 was given to a student who was able 
to complete the sequence with no help or prompting from the tester. One 
point was subtracted if prompting was required for any step. Two points were 
subtracted for any step that the tester had to do for the student or direct 
the student to do. 

The last section of the test consisted of questions and student 
demonstrations. The students were asked to edit the work of another 
person* The textfilc stored ou a disk used a coding system that was 
different but similar to one that they had used in their classroom. Once 
they had located the file^ the students were asked to make certain changes. 
Students* answers or actions were scored as either correct and/or efficient 
(2 points) or incomplete and/or inefficient (1 point). 

The computer literacy test was given to six students in KW's and RR's 
classrooms, 4 in BMS's classroom and 5 monolingual and 6 limited English 
proficiency (LEP) students in BL's classroom. The students were selected in 
the following manner. The class list for each of the classrooms was 
reviewed and any student for whom we did not have a complete set of pretests 
was excluded. Teachers were then asked to group the students into three 
categories, students who seemed to be doing well on the computer, students 
who were average, and students who seemed to have more difficulties. Two 
students were selected from each of the groups based on coordination of the 
student's free time, the tester's schedule, and the availability of the 
computer. 
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The test was administered individually. Students were told they would 
be asked about things they had not learned. Students took from 30-40 minutes 
to complete the test. The test consisted of three parts: (1) knowledge of 
computer vocabulary and computer functions, (2) demonstration of ability to 
enter, store and print text, (3) demonstration of ability to edit text. (See 
appendix for a copy of the test). 



tlhilc many of the students achieved perfect scores on Part II, there 
were no perfect scores on Part I or III. This was because the students 
were asked to give information or demonstrate procedures that they had never 
before encountered in classroom instruction. In fact, the teachers 
questioned the inclusion of items that they were sure their students would 
not know. They were included to give students a chance to demonstrate their 
ability to make inferences from what they did know, and to utilize 
information that is available from the software. 



Table 4 shows the average nimber of points scored by the students in 
each of the classrooms. 

Table 4: 

Students Average % of Correct Responses on the Computer Literacy Test 

Part I: Part II: Part III: Total 

32 points 20 points 39 points 91 points 



3rd-4th (BL) 

Bi-lingual n»6 41 43 22 33 

English n»6 59 51 33 46 

Total 49 47 27 39 

4th (EMS) n»4 69 90 54 67 

5tb-6th (KW) n«6 78 95 56 73 

5th-6th (RR) n»6 74 99 80 82 
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With the exception of the youngest bilingual students, almost all of 
the students were able to demonstrate how to write, store and print text 
with little or no prompting. In addition, most of the students had learned 
the terms and functions of most of the computer parts, peripherals and 
software, even though they had received no direct computer literacy 
training. They were all familiar with the basic editing commands, and many 
of the students were able to demonstrate one or more advanced editing 
commands that had not been taught by the teacher. 

The test results of the students are congruent with their observed 
performance on computers in the classrooms as well as the teachers 
evaluation. The younger students (BL's students) had the most difficulty 
mastering the software over ihe course of the year. They scored the lowest 
on the test. (Some of the reasons for this have been dealt with in more 
detail in Chapter 3.) These students scored highest in Part I, which dealt 
with knowledge of the computer's parts and functions. It appears that they 
were able to learn almost as much about the system as the older students 
even though they experienced more difficulties in using it. 

The highest scores for the more proficient students at in Part II of 
the test. The discussion on trouble shooting earlier in this chapter 
indicated that the calls for help at the beginning and middle of the year 
were concerned with issue of writing, storing and printing textfiles. These 
tasks remained difficult for the 3rd-4th graders in BL's classroom even at 
the end of the year. In the upper grades, the students learned hew to do 
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these tasks so well that there were many perfect scores in this part of the 
test. This performance as well as the decrease in calls for help concerning 
these procedures indicate that these students, with a wide range of 
classroom skills, had all mastered the mechanics for writing with the 
computer* 



The performance on Part III indicates the students' control of the 
computer for editing and revising texts. Editing and revising were 
introduced midyear; they are skills that students slowly acquired over the 
last months of the school year. Many of the calls for help during the later 
part of the year dealt with problems that the students had with the more 
difficult tasks of editing. The students were scored not only for 
accomplishing tasks on this part of the test, but also for doing them in the 
most efficient way. For example, using the space bar to move to a location 
several lines away was not scored as high as using the RETURN or down arrow 
keys. Similarly, using one command to make a change was scored higher than 
accomplishing the task with two or three commmands. 



Another indication of the students* mastery of the technology is the 
ease with which they were able to handle changes in the system. Students in 
BL*s and RR* s classroom were tested with computer systems that were slightly 
different than those that they had used in their classrooms. In BL's 
classroom, the students were tested on an Apple 11+ computer instead of the 
Apple He they had used all year. This switch in hardware presented 
students with new experiences. For example, when the students could not 
find the up/down arrows they were told to use the o and 1 keys. They were 
able to make such adjustments with no difficulty. In RR's classroom, 
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students who had worked with a two drive computer system were tested on a 
one drive system. They were able to follow the directions in the software 
for removing and replacing disks even though they had never followed the 
sequence in the classroom. 

The students' overall performance on this test indicates that students 
learned the vocabulary and functions of the computer components and how to 
use a word processing system for entering and editing text. 



School districts are developing entirely new curricula for teaching 
students about the operation of the computer. Many of the courses in 
computer literacy curricula teach machine operations separately and 
distinctly from the uses that the computer can have for academic and 
occupational purposes. 

Four teachers taught their elementary school students about computer 
operations within the context of teaching them about computer uses, 
including writing and editing. Students spent on the average of 25 minutes a 
week in language arts and 25 minutes a week in mathematics at the computer. 
This means that they had 15 hours at the computer by the end of the school 
year. The students in these classrooms learned to write and edit using a 
microcomputer, and, they learned to operate the machine without a specific 
and special course designed to teach them about the machine. 

If our modest results can be replicated, they have broad implications 



Conclusions 



ERLC 




Computers in Classrooms January 31, 1985 

Final Report NIE-G-83-0027 2^28 

Cor teaching computer literacy. This study suggests that it is not necessary 
to develop a special, separate and independent curriculum called computer 
literacy. Instead, the teaching of machine operations can be embedded in the 
taaching of academic tasks. We have had some success placing computer 
operations within a language arts curriculum. The same principle should also 
apply to ma thy science and social studies. 



In addition to being cost effective, the holistic approach to computer 
literacy takes advantage of the highly motivating characteristics of 
microcomputers (Malone, 1981). Students are exposed to information about 
computers while using them to learn important educational material. If 
computer literacy is decontextualized by having students learn about the 
computer without leaning what it can do, then the motivating elements can be 
lost. In 80 doing, we fear that computer literacy requirements can become 
yet another academic hurdle for students to jump over rather than being a 
meaningful educational experience in which usable skills are taught in 
understandable ways. 



Computer programming plays a different role in this holistic approach to 
computer literacy than it does in many computer literacy curricula. Instead 
of making computer programming the single entry point and pinnacle of -ompute: 
literacy, we are suggesting that it is important to provide students with 
'•multiple entry points to expertise" (Levin and Souviney, 1983). Multiple 
entry points enable students to use computers as powerful tools foj a wide 
range of applications. For some students, that power will cciae through the 
ability to program the computer. But, for others, that power could and 
should come, we feel, from knowing how to use the computer, to write and edit 
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text, to create ausic, graphics and animation, to organize information and to 
communicate it to others. Furthermore, one avenue of access does not 
preclude another. Just as the student who begins learning about computers by 
programming them is not precluded from assembling spread sheets later on, so, 
too, the student who learns text editing first is not precluded from learning 
to program la tar. 

Like other investigators of human-machine interaction, we found that 
computer users consulted social resources more often than printed materials 
and manuals. There are lessons to be learned from these observations abo t 
the nature of instructions given to students who are learning to work at 
computers and the design of user guides. 

While thorough users' guides and brief instructions must continue to be 
available to people learning to operate the computer, it does not seem to us 
that manuals should be the primary resource in teaching. Instead, teachers 
can capitalize on the seemingly ubiquitous presence of local experts. In 
each of the classrooms there were students who were highly motivated and 
knowledgeable about computers; we are recommending that teachers 
systematically exploit this expertise by encouraging students who are 
learning about computer operations to seek out these "computer tumrs" (as KW 
called her local experts). 

It is also possible to empower students with knowledge about the 
computer. Diaz (1984) has been exploring this idea in an after school 
program in South East San Diego. He selects students who have been having 
academic difficulty or have not routinely enjoyed high prestige in the eyes 
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of peers and gives them special knowledge about computer operations. Other 
students soon learn that they can obtain special help from these experts. 
The resulting transactions seem to be mutually beneficial; the students in 
need of help gain it, and the previously unsuccessful student gains 
experience with success. 



While calling for the systematic use of expert students in the computer 
center, we are not recommending the elimination of written instructions or 
manuals entirely. Particularly helpful are brief instructions which can be 
arranged around the keyboard and monitor. The project teachers started the 
year with general instructions about machine care and basic text editing 
commands. When they started a new activity, they posted specific 
instructions that were relevant to the new task on or near the computer. By 
the end of the school year, the computer was quite literally papered over 
with notes, reminders and penciled in notations. To a visitor .or first time 
user, the computer and its paper cloak seemed imposing if not impossible to 
fathom. But students, socialized into each new layer of activity with its 
accompanying instructions, seldom had difficulty in consulting the 
appropriate special note, even though it may have been buried beneath weeks 
of similar kinds of notes. 



In addition to a brief list of generic commands and specific lists of 
instructions, our experience tells us that a different kind of instruction 
also needs to be posted at the computer center. Diagnostic instructions need 
to be available to students. These diagnostic instructions take the 
discourse form of "if you have a problem, then do x." Two such diagnostic 
instructions used by KW with her 5th and 6th graders are duplicated below. 
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GET ME OUT OF HERB 



Xf you need +o "qe+ out" of o 
program or back. W 4he beoinninq^ 
rrsf +hese iri order. 




-Push 
- Push Q 

-Push CONTROL « RESET 

-Push PR* 6 

NO LUCKP 
CALL 
COMPlfTER TUTOR. 



^ O' 00 NOT +urn+h. 

Corriputcr 

I a 4 
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CHelpMel Help Me!) 

you fhink. 'i+ ehould^ +ry oneToP 
fh 

or a feacher 

Is 1+ plugged in ? 

— Xs i-f turned on f 

~ Xs +he moni+or on f 

— Did you push RETURN ? 

— Did you push CONTROL- C ? 
•-'Old you read +he 6creen 

for 4ur4iner3^Vec+ions f 

I^' Vou con anewer^ ^^yesf -fo all 
0+ these Orueohon^ and you s-fill 

^ CALL 
COMPUTER 

TUTOR. 
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The intent of diagnostic instructions is to encourage students to first, 
initiate locally organized trouble shooting routines on frequently occurring 
problems, and second, initiate calls for social help in a prescribed 
sequence* Peers and computer tutors are to be consulted before teachers. 
Specifying the order of calls for social help is intended to lessen students' 
dependence on the teacher and foster student initiated actions. 



CHAPTER 6: 

FUNCTIONAL LEARNING ENVIRONMENTS FOR WRITING 
Margaret M. Rlel 

When considering the educational applications of microconputers in 
classrooms, the Issue is how they can be used to achieve important 
educational goals, ones that could not be achieved as leadily without whem. 
Dewey (1916:118-129) claims that educational activities are appropriate when 
they begin with the experience of students and, through a planned seque-ce of 
steps, move in the direction of what experts know and do. Educational goals 
are txexible guides to activity for Dewey, easily modified by learners and 
teachers alike. 

We began by exploring the educational goals of the teachers in language 
arts and tried to find ways to use the computer as a tool to accomplish them. 
One goal of language arts instruction formulated by the teachers was the 
integration of reading and writing activities throughout the curriculum, the 
view that reading and writing are coordinated. Fr^^i this point of view, 
reading is not confined to reading circles. It is carried out and encouraged 
throughout the school day, during "reading time" as well as in content areac 
such as social studies and science. Writing plays a major role in such a 
language arts curriculum. Students are given time tc write in personal 
journals, compose essays on topics generated by the teacher and write about 
what they learn in science and social studies. 
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Another goal stated by the teachers was to help their students to 
understand writing as a process from initial organization of thoughts to 
a final copy produced for a particular audience. Realizing that adult 
writers do not produce finished drafts in one sitting, they wanted their 
students to be able to organize and collect ideas for writing, create a 
draft, receive feedback from others, and work it through final editing and 
revision — a process that unfolds across several working s«»ssions (Miller- 
Souviney, 1985). 

In close collaboration teachers and researchers sought to create 
activities which extended the interests and experiences of students in ways 
that accomplished the educational goals of their teachers. This coupling of 
student interests with educational goals become the basis for creating what 
we have come to call "functional learning environments." 

A Functional Learning Environment: The Computer Chronicles 

Functional learning environments in language arts are those in which 
reading and writing are organized for communicative purposes, rather than 
Just as an exercise for a teacher to evaluate (cf. LCHC, 1982; Newman, 1984). 
We used a computer network, the "Computer Chronicles Newswire" (Levin, 
Riel, Boruta, &*Rowe, 1984; Riel 1985) to explore the use of the 
microcomputer to support reading and writing for communicative purposes. Via 
the Computer Chronicles Newswire, students were connected to a distant, 
inaccessible audience with which they wanted to share ideas. This writing 
for communic^ .^ve purposes and not just writing on £ microcomputer had 
positive effects on the writing process* 
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The Computer Chronicles Newselre is a writing network that links 
together schools in different locations, including Alaska, Hawaii and 
California. Students from classrooms in each of these locations wrote and 
edited stories about local ev^la which were stored on floppy disks. The 
disks were sent to all sites participating in the network. Students at each 
site used articles written by themselves as well as by other students in the 
network to publish their own local version of the Computer Chronicles 
Newspaper . Each of the classrooms in our project wafl connected with each 
other and other schools in this news network. All the students were involved 
in writing newspaper articles which they hoped would be published in their 
newspaper, as well as in other school papers. This activity facilitated the 
teaching of writing as a process (Cooper and Odell, 1978; Graves 1978) 
including pre-writing, planning and organizing, writing, response, revision 
and evaluation and post-vriting phases. 

The stxidents in the project classrooms were involved in a writing 
environment that was similar to that of professional writers. The Computer 
Hhronicles News Network was explicitly modelled on existing news wire 
services. Whenever possible, students' attention was called to the parallels 
between their work and the work of newspaper reporters and editors. Like 
adults, their writing was constrained both by the audience for which they 
wrote, and format requirements of newspaper stories. The quality of the 
student work was judged by peers and the need for revision was made a natural 
part of the cycle. 



Interactive software which provided the student with suggestions and 
writing guidelines was used to provide them with ^dynamic support" in the pre- 
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writing and composing phases • It helps narrow down the subject of their 
articles hy making choices • Once the students were ready to write a 
particular type of story, they were given appropriate guidelines or 
suggest Ions • The software helps extend the "pre-wrltlng" phase into the 
writing of the flrp^: draft. 

While the computer and printer were important tools in the creation of 
their newspaper, these tools were used as one part of a larger activity. Many 
of the learning experiences involved in creating a newspaper took place away 
from tha computer. Students met in small groups to edit each others work and 
to read, evaluate^ and select articles for their newspaper. This project 
provided a way to lntr»^:rate computer use with a range of language arts and 
social studies activities. 

rhe ^E ffectiveness of Co mputer Supported Writing Environments 

In the following sections, we will examine student performance to see 
whether the creation of a functional learning environment had an effect on 
students' reading and writing skills. Data collected from four classrooms 
(described below) will be used to address the following questions: 

Wht:t effect do functional writing environaients have on the 
writing fluency of the students? 

What effect do functional writing environments have on the 
q uality of students' writing. 

What effect does collaborative writing and peer review have 
on the students' writing abilities? 
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Each of these questions will be addressed separately, employing four 
different forms of data, (1) standardized testing administered by the school 
districts, (2) Pre- and Posttest measures collected as part of the project 
assessment of students" skills, (3) samples of the students" classroom work 
written on paper and on the computer and (A) audiotapes of editorial board 
discussions • 

Standardized Testing; California Test of Basic Skills 

Tlie California Test of Basic Skills (CTBS) is a standardized test that 
is given by school districts to all elementary school children at least once 
a year in September or May. CTBS gives students" grade level equivalents in 
the areas of math, r'^ading, language arts, science and soci^ studies, as 
well as an overall score. Some of the schools tested only a portion of the 
students or used only some of the subtests. Two of the project classrooms, 
BMS"s fourth grade and KD"s fifth-sixth grade, had test results in all areas 
for most of their class. 

Writing Pre- and Posttests Essays 

We were particularly interested in descriptive writing because of its 
Importance in writing newspaper articles, an activity present in all 
classrooms. We selected two descriptive writing tasks, one asked students to 
describe a pet and the other asked them to write a news report about a school 
event. Since the description of an event at school was more closely related 
to students" newspaper writing, we expected to see the most change in this 
pair of essays. These are the two writing prompts used: 
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Description of £ school event Imagine you are a reporter for a 
national newspaper. You have been asked to write a story about 
something that has happened in your classroom or at your school. It 
could be something that happened in your reading group, during math time 
or on the playground. It could be about a special visitor that came to 
your daes or school, a class activity or a school assembly. Think about 
what happened, who was involved, when it took place and why it 
happened. Write a story that tells other students about this event. 

Description of an animal Imagine you have been given a new pet. 
Perhaps you, have been given a cat, dog, rabbit or a fish. Think about 
how big the pet would be and what color it would be. Think about how 
all the parts of the pet would look. Also think about what noises the 
pet would make and about how the pet would feel when you touched it. 
Describe the pet you have been given. Tell how that pet would look, 
sotxnd, and feel. 



All stxidents were given the assignments by their classroom teachers at 
the beginning and end of the year. The students worked individually and the 
essays were written on paper. They were not timed; the students were given as 
long as they needed to write the essays. 



The length of an essay was determined by counting the nmber of words in 
the body of the essay. The title and any byline information were not 
included in the word count. Numbers were counted as words. The quality of 
the essays was determined by a method of "holistic" scoring described in 
Grubb (1981). The tests were scored by three persons who did not know the 
students. The writing samples were given a score from 0-4 using a four point 
evaluation rubric for descriptive writing (Grubb 1981:29-33): 



0 was given to a composition that did not address the prompt 

1 for an inadequate composition 

2 for an adequate composition 

3 tor a good composition 

4 for an excellent composition. 

The evaluation rubric is in the Appendix. 



The scores given by each of the three readers were averaged. These 
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scores form an ordinal scale which are very similar to the numerical values 
given to grades. We will report "grade point averages," acknowledging that 
the scoring is ordinal in nature in that the difference between the values 
may not reflect the same degree of improvement. 

Classroom Writing Assignments 

The students" writing samples over the school year provide further 
evidence about the influence of functional activities on the length and 
quality of students' essays. Teachers were asked to provide a sample of 
students' work about once a month. When possible, the assignment was 
collected on the days that videotaping was done in the classroom. All the 
writing samples discussed in this section were written by individual students 
on paper. 

The length of the essays were determined by counting the nxmber of words 
in the essay (excluding titles and bylines). Papers for which a word count 
was not appropriate, such as poems and responses to a series of questions, 
were not included in the sample. The papers were grouped into three 
periods, Sep-Oec, Jan-Mar ^d Apr-Jun, and the average length of papers 
written in each period was computed. 

The essays scored for length were then scored for quality by using the 
following modified holistic scoring technique. The teacher's reported 
goals for the assignment, as well as the directions presented to the 
students, were used to determine the writing prompt. A four point 



143 



Computers In Classrooms 
Final Report NIE-G-83-0027 



June 26, 1985 
142 



''evaluation rubric" was selected from Grubfa^'s (1981) that was most appropriate 
for the form of writing (descriptive, narrative, expository or persuasive). 
One scorer assigned 0-4 points tc each essays based on the evaluation 
rubric. The average score of the papers written during each of the three 



periods, SepHDec, Jan-Mar and Apr-Jun, is presented in the discussions of 
quality of writing in each of the classrooms. 

Writing in the classroom on the Computer 

It was more difficult to determine the set of essays written with 
the computer becatise the students almost always worked in pairs on the 
computer and partners were changed. Rotating partners gave students 
opportunity to work with a range of other students, but made it difficult to 
assess individtial Improvement. Assignments took longer to complete because of 
limited access to the computer. Some of the writing activities involved 
Interacting with partial texts provided by the computer program. Papers 
written earlier were revised during a later period. 

At the same time students completed a ntmber of different writing 
activities on the computer over the year, all classrooms participated in some 
form of newspaper writing. To avoid some of the confusion of dealing with 
different revisions of an article, we used only the final copy of articles 
selected by the students for publication in their classroom newspapers. This 
enabled us to compare the length of computer generated newspaper stories with 
those written on paper by the students in KO's classroom which did not have a 
computer. 



The different editions of the newspapers from each of the classrooms 
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were used to assess changes in length. Only stories in paragraph format were 
used for word counts, a choice which excladed all jokes, recipes, poems, 
puzzles, survey reports in table form and interview transcripts. With the 
exception of the newspaper from BL's class, all newspapers included stories 
written by students from other classrooms. 

The modified holistic scoring procedures describe in the previous 
section were used to rate the newspaper stories on a 0-4 point scales. All 
articles that were scored for length were also scored for quality. 

Pour classrooms participated in this study. In three classrooms, the 
teachers used computer writing tools to teach language arts. In one 
classroom, the teacher taught reading and writing in a way which was similar 
to the other teachers, but without the aid of the computer. Differences in 
the age and ability levels of the students and differences in teacher 
knowledge and experience make it necessary to report on each of the 
classrooms separately. 

Description of Writing in BMS Fourth Grade 

BMS began the year with many resources for integrating the computer 
into nhe writing curricultm. She had been trained to teach writing as a 
process through the San Diego Area Writing Project's Summer Institute Program 
and had experience Implementing this approach with students at different 
grade levels. She also had prior computer experience and had used and created 
Interactive Tool software. 
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The majority of students in her class were of average achievement in 
language arts and reading as measured by the California Test of Basic 
Skills. She also had a nimber of limited English proficiency students. 

As described in Chapter Two, BMS taught writing in a series of steps. 
She began by introducing the assignment and then helping students either 
together or in small groups to collect their ideas and plan their writing. 
In this prewriting phase, the students often made lists of words or phrases 
to use as a reference when writing the first draft. When first drafts were 
written on paper, students usually worked individually; when they were 
composed at the computer, the sttidents worked in pairs. 

Most writing assignments on paper were assigned to improve writing 
fluency. For example, students were asked to write about personal 
experiences, to express feelings or v?ishes, to discuss topics like 
friendship, to describe objects, to share information and to give directions. 
Students spent some time each week in this type of writing. The papers were 
read by peers and then by the teacher. Some papers were collected and 
returned to the students with brief comments. 

Some of the writing done on paper and most of the work composed on the 
computer was intended for audiences beyond the teacher. The "first drafts'* 
of these papers went through several more steps of the writing process. They 
were often circulated to other students in small "response groups." Students 
read each other's writing and offered suggestions for Improving the writing. 
Their suggestions focused on both the content and form of the papers. After 
the writers received the feedback from their peers, they were then given the 
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time to revise their drafts* This response and editing of papers replaced 
the more conventional "language" or grammar exercises traditionally used to 
teach writing mechanics. The final copies from this process were then 
displayed, published or sent to students In other classrooms. This final 
step, referred to as post writing, was as the teacher later wrote "the engine 
that drives the writing process" (Mlller-Souvlney & Souvlney, 1^85). 

Writing assignments on the computer took more time to complete because 
all the stiidents were required to cycle through the computer center twice, 
once for the first draft and a second time for the revision. Computer 
writing assignments took place In two week cycles; they Included newspaper 
articles, ccmputer^al letter writing, poetry and narrative essays. 

Newspaper writing was a central focus of the writing curriculum in this 
classroom and most of the students participated In the project regularly. All 
but 5 students wrote at least one article la one of the three newspapers they 
ribllshed. Each newspaper carried stories from about half the class. The 
stories for each edition of the newspaper were selected by students serving 
on editorial boards. The role of the editorial board was to read and 
evaluate all articles written for the current Issue of the classroom 
newspaper. They were also responsible for final editing layout of the 
newspaper . 

To serve on an editorial board students had to volunteer to give up some 
of their free time to accomplish the work. About 2/3 of the class was 
Interested in assuming this role; 4 to 5 students were randomly selected from 
volunteers to edit each edition of the newspaper. About half the students 
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served on one of the three editorial boards. 

Length of Essays in BMS^s Classroom 

Th« length of the students writing on paper and on the computer 
increased gradually and steadily over the course of the year. Table 5 
shows the length of the different writing assignments at selected time points 
across the school year. 



Pet Desc. 
Mean: 
SD: 



Sep (pretest) 
X-48 (n-25) 
(35) 



Kvent Desc. Sep (pretest) 
Mean; X-65 (n-22) 

SD (33) 



Classroom essays 
Mean: 

SD 



Sep-4)ec 
X-42 n-65 
(23) 



Newspaper articles 
Mean: 
SD 



Jau'-Mar 
X«60 n»66 

(30) 



Jun (posttest) 
X-106 (n-25) 
(64) 

Jun (posttest) 
X-84 (n-22) 
(61) 



Apr -Jun 
X-78 n-59 
(58) 



Feb Mar 
X-53 X-66 
(18) (49) 
n-14 n«14 



June 
X-80 
(52) 
n-10 



Table 5: The mean length of three types of writing assignments from 
September to June in BMS'^s Classroom. 

Length of Writing Tests . The pre- and posttest writing assignments 
required students to describe a pet and a school event (sea Appendix). They 
wrote on paper with no time limits. The same assignment was given at the 
beginning and end of the year, with 25 students available for the pre and 
posttest description of a pet, and 22 students available for both tests for 
description of an event. The mean length of the students' pretest essays 
were 48 and 65 words, and the mean length of the posttest essays was 106 and 
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84 words « There was a niuch greater increase in the leng 



of the students' 



descriptions of their pets. However, individual variance is high. The 
median score on the description of a pet was 35 words for the pretest and 71 
words for the posttest. The median for the description of the event was 54 
words for the pretest and 72 words for the posttest. 

length of Classroom Writing Assignments . The classroom assignments 
represent a cross section of students' written work (on paper) which was 
collected by the teacher according to procedures previously explained. Each 
score represents the averaged length of papers written during the three 
month periods of Sep-Dec, Jan-flar, and Apr-Jun. All students' papers for 
each topic were used resulting in slight differences in the number of papers 
in each period. Although there is a large range of individual differences, 
there is a steady increase in the means from 42 to 60 to 78 words. 

The following essay is an example of a student's work at the beginning 
of the year. The assignment was to write an essay about "what you like to do 
on Saturday.- The teacher lead a whole group -pre-writing- activity in 
which the students contributed ideao for essays. These ideas were listed on 
the blackboard and the students were then gi^^.n time to write Cheir essays. 
This essay is the same length (26 words) as the class average for this 
assignment. The spacing and errors are those of the student. 



Denny Sept . 15, 1983 



wach tv. 

play go to the movies 
skatboad nlay socer 
ride my bike roller skat 
play with my askshon figurs 
go on a piknik whith my 
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In an essay at the end of the year, the students were asked to write 
about the meaning of the Olympics. The same pre-writing procedure preceded 
the writing of the essay. The essay written by this particular student is 
slightly longer (126 words) than the class average (105 words) for this 
assignment. Again it is typed as the student wrote it. 

Denny Paul Johnson 6-7-64 

Thfe Olympic Dream 

Being famous is^'t everything 
as we learaned from Ted Duger 
yesterday afternoon in Los Angeless 
where tb^sy are holding the 
Oliopics* Well now I don't know 
.eather you knew this or not but 
Ted told me something that was 
very interesting you have to 
go through alot of pain. Now 
alot of people think that the 
Olympic dream is to be fanous 
but it really is'^t the Olyuipic 
dream is to compeat and to 
have fun doing it . 

Now I would like to tell 
you a story when I was a 
kid the Olympics were being 
held in L.A. we were having 
an Olympics at are school I 
never won but I had fun 
doing it so it didn't matter. 
Of course thats the Ollmpic 
drea^ to me. 

The first essay was sim5J.ar in length (as well as quality) to ones 
written by other classmates. This student provides no introduction to the 
essay and handed in the essay without completing the last idea. Except for 
the first period, there is no puncttiation. It is an almost telegraphic 
message to the teacher which simply provides the minimal information 
necessary to answer the question that she posed: What do you do on Saturday? 
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The second essay has both an opening sentence and a final concluding 
sentence. While the student still makes both spelling and punctuation 
errors, there is much improvement over the earlier essay. He is able to 
express his ideas about the Olympics in a coherent way with only a slight 
problem wi.th the time frame from the first to the last paragraph. These 
essays provide an example of the average increase in the ability of the 
students to expr ss their ideas in writing over the year. 

I^epgth of Newspaper A rticles . There were three edition^' of the 
Computer Chroricles Newp- ^r published in this classroom ^'xable 6). The 
stories in these newspapers are the results of pairs of ^'f.udents composing 
articles at the computer. The newspaper represent the students' selection of 
the best articles written by themselves and the other newswire reporters. 



Newspaper edition dates: 


Jec 


Mar 


June 


Total nuaber of stories: 


25 


35 


18 


Total in paragraph format: 


19 


30 


17 


Newawlre storlen (paragraph): 


5 


16 


7 


Local stories (paragraph): 


lA 


lA 


10 



Table 6: The number of stories in each of the editions of the newspapers 
that were in a format in which length was assessed. 

The three editions of the newspapers contained 21, 35, and 18 articles 
respectively. A slightly smaller number had the appropriate form for a word 
count (19, 30 and 17). For the first edition, most of the stoiies were 
written by the students in the classroom, but the second and final editions 
carried a Mgher percent of stories that were written by other students and 
received on the newawire. 
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Notice that the length of these computer generated articles (Table 5) 
were about the same as the length of essays written on paper at roughly the 
same period. This means that the students who wrote these stories had 
mastered the technology of the computer sufficiently to write essays that 
were of similar length to those that the class wrote on paper. 

Sunmary of Length of Essays . Examining the length of the students 
essays in this class over the year indicates a steady gain in the length of 
students' writing. Looking across the tnree types of writing assignments, 
the students essays at the beginning of the year were an average length of 
about 50 words. At the end of the year the students work was more likely to 
be about 80 words in length. This Indicates an Increase of approximately 30 
words or 60Z in the length of writing over the year. 

Quality of Essays in BMS's Fourth Grade 

The quality of students" pre and post test essays was scored using the 
holistic scoring procedures described in Grubb (1981); the other writing 
samples were scored using the modified holistic scoring procedure described 
earlier. The essays were scored on a 0 to A point scale (see Appendix) and 
the results are displayed in Table 7. Overall, it indicates steady 
improvement in the quality of students' work over the year. 
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Pet Descc Sep (pretest) Jun (Posttest) 

Mean: ^ X-2.00 (n-25) X-2.32 (n-25) 

SD: (.79) (.80) 

Event Desc* Sep (pretest) jun (posttest) 

Mean: X-1.86 (n«22) X-2.5A (n-22) 

SD (•») (.%) 

Classroom essays Sep-Dec Jan -Mar Apr-Jun 

Mean: X-2.09 n-65 X-2.15 n-66 X-2.A7 n-59 

SD (.70) (.81) (.75) 



Newspaper articles Feb Mar June 

Mean: X-2.58 n-14 X-2.64 n«lA X-3.10 n-10 

SD (.79) (.84) (.74) 

Table 7: The mean holistic scores (0-4 point scale) for three types of 
writing tasks in BMS's fourth grade classroom. 

Quality of Writing tests . In comparing the Improvement on the pre and 
posttest essays, the students improved more on the description of an event 
(1.86 to 2.54) than they did on the description of the pet (2.00 to 2.32). 

The following pair of essays is an example of the gain in the quality 
of student writing from pr-*- to posttest. 



Carol B ' s description of an event pretest: 

10/13/83 

The Field Trip 

One day last year in Mrs. Hurts class we went on 
a field trip we went to Cedar Lane Park. \fe played 
kickball and had a snack. People were running 

around laughing and playing. Mrs. Lockharts class 
and Mrs. Grahms class came to. Some people 
had to stay in the classroom because they didn^t 
bring their permision slip back. Well we stayed 
there for 2 hours then we went back to the school 
right before lunch recess. Everyone who stayed 
at the class asked did you have a good time? We 
told them of course we did* 
The End 

Carol B "s descriptioi. cf an event posttest: 
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6/4/84 

Balloon Liftoff 

Here at Olive School for our first time we had 
a balloon Liftoff, They held it on Jan. 13 1984. 
It was beautiful. First before we started they sent 
heilium balloons to each and every class room. And 
when our class room "B-Z" got their balloons we went 
to to field and sat down. Then we attached cards 
that had Olive School adress on it. And we had 
to write a little note asking them to send this card 
and write were you live and you can write a little 
note please. And the they blew a whistle and we let 
all our balloons in the air it was so beautiful 
seeing all those colors. Some were bleu, some were 
green there were all kinds of beutifxil colors. Weeks 
later we had open house and they announced the kids 
who got their card back. And some of the balloons 
went to Washington, New Mexico, and all other kinds 
of places. And they announced the winners for the 
balloons that went the farsest the winning people 
were, Kevin Dunne his went to Riverside and Thereasa 
Caywood hers went to New Mexico, 
it was neat.... 
The End 



Both essays were scored high relative to the rest of the class, however 
the difference between them is representative of many of the other sets. The 
first essay was scored as 3 and the second as 4 by all of the readers. 



In the first essay Carol begins weakly with "One day last year" and 
finally gets to the topic of the sentence, and the essay, at the end of the 
poorly formed sentence. The topic "is a good response to the prompt" but was 
not "completely clear throughout the composition." After a few details of the 
picnic, she indicates who went on the picnic with a side sequence about 
students who were unable to go on the field trip. This discussion is an 
example of the "irrelevant story or explanation" that are sometimes present 
in stories that were scored 3. The story is clearly about a field trip and 
with the exception of these comments, the topic is carried through to the 
end. There was appropriate word choice, though "not particularly vivid" and 
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there were "sufficient details to make the description clear." While the 
story could have been better written, the sentence structure problems and 
grammar errors were not numerous. Ending with a quote and the reply to it 
was a nice touch* 

The second essay is, in some ways, similar to che first. It begins by 
introducing the event in time and space and ends with her evaluation of the 
event, "it was neat!". However in this essay the information is presented in 
much better detail and sequence. It has "a clear topic which is an 
appropriate response to the prompt and which is introduced at the beginning 
of the description- with -good organization, inclxxding an introduction and a 
conclusion.- The description of the whistle blowing and the colors of the 
balloons are examples of the "sensory details" in the story. There may be some 
confusion of facts in the story. If -Washington" meant the state of 
Washington and Riverside referred to a community in California, then it is 
hard to see why one of the winners was Riverside. However, the story was 
easily scored as A using the grading rubric (Appendix). 

Quality of Writing Assignments . The classroom writing assignments 
represent a range of different types of writing tasks. Despite the 
diversity, the quality of classroom work on paper shows a pattern of 
Improvement that is similar to that of the pre- and post testing. The 
average score of 2.09 for the first period (SepHDec) is similar to the 2.00 
scored on the description of a pet, and slightly higher than the 1.86 scored 
on the description of an event pre test. Similarly, the class average (2.47) 
on the writing assignments for the last period (Apr-Jun) is slightly lower 
than the scores for either posttest (2.32 and 2.54) given in June. 
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Q^^J-^ty of Newspaper Articles. The newspaper articles also improved in 
quality over the year at a similar rate. Each issue contained articles from 
different students or pairs of students on different tvopics. There is, 
however, one pair of articles from the beginning of the year that contain 
similar content and have one author in common. The mistakes are those made 
by the authors. 



Article by Sharon B and Tim D for first edition of Computer Chronicles: 



Olives Crazy Day 

Olive school had a crazy dress-up day. 
We had it at Olive school on 11-23-83. 
We had it because people did not receive 
gold slips. 

People dress up crazy. 

By Sharon B , age 8 and Tim 

D , Age 9 

Article by Sharon B for the last edition of the Computer Chronicles: 

The Egg Drop 

On April 13, 1984 the fourth and 
fifth graders at Olive School had an 
Egg Drop. We did it to see how 
creative we could be. You could use 
anything not over 12 inches long, and 
you put a raw egg in it with any 
sort of padding. Then the teachers from 
the school threw it down from a 
classroom building and if your egg 
didn't break you got a treat! 

By Sharon B , age 9 



There seems to be an attempt in both article to include information in 
response to the computer prompt to describe what happened, to whom, when, 
where and why. The first essay was given a holistic score of 2, the second 
one was scored as 4. 
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The essay written at the beginning of the year about Crazy Day has "a 
topic that is an adequate response to the prompt" in this case to write about 
something that happened at school, but there is ^minimal development of the 
description- with "few details and "unclear organization". Sharon makes the 
assumptions that the reader will know what gold slips are and why they are 
given. Without this information, it is very difficult to understand the 
story. 

In the second story, the writer was more successftil at inclading the 
necessary details to make it possible for students from other schools to 
understand what took place. The essay has "a clear development of the 
description, with no irrelevant stories or explanations," with "specific, 
vivid word choice," and "good organization." 

Over the year students had frequent discussions in editorial board 
meetings about what - students in Alaska" would or would not imder stand. They 
became increasingly more skilled at providing information that they had taken 
for granted when writing for the teacher or for a local audience. 

Summary of Quality of Students" Writing . The quality of the students' 
writing in this classroom show steady increases over the year. The greatest 
Improvement is in writing newspaper stories. The students rate of gain from 
the pre- to posttest description of an event (36Z) represents the highest 
rate of change. The published newspaper stories written on the computer show 
the next highest gain (20Z) followed by the gain on classroom assignments 
(18Z) and the pre/posttest description of a pet (16Z). 



Computers in Classrooms 
Final Report NIE-0 -83-002 7 



June 26, 1985 
156 



This ranking suggests that the functional writing environment created by 
the Computer Chronicle Newswire did have a positive influence on the 
students' writing abUity. While we do not have a matched control classroom 
to compare this rate of improvement, standardized testing provides some 
evidence that the gains made by these students were much greater than what is 
expected in the one year period. 

Standardized Tests of Language and Reading Skills 

As mentioned earlier, the California Test of Basic Skills (CTBS) was 
given at the end of each school year. The results of this testing are shown 
in Tkble 8* 

lANGQAGE 1983 1 984 READING 1983 1984 
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Spell Ing Vocabular y 

Grade level eq* 3.9 5.1 Grade level eq. 3.9 5.1 
(2.2) (2.0) SD (3,8) (1,A) 

Mechanics Comprehension 
Grade level eq. A.O 6.9 Grade level eq. 3.9 5.8 

(1.6) (2.5) SD (1,5) (1.8) 

Expression 

Grade level eq. A.l 5.9 

SD (1.4) (2.6) 

TOTAL TOTAL 
Grade level eq. 3.9 5.7 Grade level eq. 3,9 5. A 
SD (l.A) (2.1) SD (1,2) (1.5) 

Table 8: The results of the California Test of Basic Skills (CTBS) 
standardized testing for BMS's fourth grade classroom 
(n«22), expressed in grade level equivalents, at the 
end of third grade (1983) and fourth grade (1984). 

The scores in May 1983 indicate that the st^idents were, on the average 

at graJe level (expected 3.9) in almost all areas. When tested in May 1984, 
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however, they were above average ia all subtests of writing and reading. The 
students show the highest gain in language mechanics (2«9 years) with high 
gains in the language expression (1*8 years) and reading comprehension (1«9 
years) scores* 

The dramatic increase of almost three years In language mechanics and 
almost two years in language expression and reading ^.omprehension suggests 
that the functional learning environment created in this classroom was 
successful in teaching langtiage art skills. Language mechanics taught in the 
context of students'* writing and the process of peer review appears to be 
very effective strategies for helping students learn to write. Reading 
stories written by their peers in distant locations, as well as reading to 
interact with the computer, seem to have had a favorable effect on their 
reading ability as measured by this achievement test. The overall gains in 
the Language skills are represented in Figure 12^ 
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7.5 
7.3 
7.1 

^•9 ^ Language Mechanics 

6. 7 
6.5 
6.3 

^•^ X ^ Language Expression 

5.9 

5*7 y/^ ^ Language Total 

5*5 




5.3 

^•^ v/^ ^ Spelling 

4.9 
4.7 
4.5 
4.3 
4.1 
3.9 
3.7 
3.5 



Grade Level May 83 (3.9) May 84 (4.9) 

Equivalents 

Figure 12: Comparison of grade level equivalent scores on the language 
portion of the California Test of Basic Skills at two times, 
May 1983 and May 1984 for the students (n-22) in BMS's fourth 
grade classroom. 

Past research has pointed to the effectiveness of teaching iangiiage 
mechanics in the context of student writing rather than in grammar exercises 
(Strom, 1960). However in this classrooms students were editing the work 
of their peers as well as receiving feedback on their own writing. The 
following comparison suggests that editing the writing of other students 
may be one of the crucial factors that leads to Improved writing skills. 

While most of the students in thi classroom wrote stories for a 
newspaper and national newa network, a smaller number of students 
participated in "editorial boards" described earlier. These students were 
exposed to a wide range of writing skills and language problems. 
Collectively they formed evaluative frameworks which could then serve to 
guide their own writing. 
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If serving on an editorial board was a vital part of the learning 
experience that lead to the improvement in the language art skills, then we 
would expect the students who served on an editorial board to score higher 
then the class average who did not have this experience. The students 
selected for the first board should show the greatest gains since they had 
the luagest period after this experience to Improve their writing. The 
students serving on the first editorial board were selected randomly from the 
2/3 of the students who volunteered for this position. 

Table 9 shows that in May of 83 the scores of the four students who made 
up the first editorial board were very similar to the class means in the 
language portion of the CTBS with the exception of a slightly higher score 
for language expression. 



198J 



1984 



1983 



1984 



Spelling 

Class Mean (n-22) 3.8 5.1 

SD (2.2) (2.0) 

Edit. Board (n-4) 3.8 5.0 

SD (0.7) (0.6) 



Mechanics 
Class Mean 
SD 



Edit. Board 
SD 



3.9 
(1.6) 

3.9 
(1.4) 



6.8 
(2.5) 

8.6 
(1.2) 



Expression 
Class Mean (n-22) 4.1 
SD (1.4) 



Language TOTAL 
5.9 Class Mean 3.9 
(2.6) SD (1.4 



Edit. Board (n-4) 5.1 6.3 
n-4 (1.7) (1.4) n-4 



Editorial Board 4.1 
SD (0.7 



5.7 
(2.1) 

6.1 

(^ ^8) 



Table 9: Comparison of test scores on the California Test of Basic Skills 
for the fourth grade class with the members of the first Computer 
Chronicles editorial board. 



Again the difference that is striking is the increase in language mechanics* 
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The students gained over 4 grade levels in this area. Figure 12 shows 
the gain for these students from September to June. 




Figure 13: Comparison of grade level equivalent scores on the language 
portion of the California Test of Basic Skills at two times, 
May 1983 and May 19&* fci: the students (n-4) randomly selected 
to be members of the first editorial board in BMS's fourth 
grade classroom. 



Figure 13 is very similar to figure one with the exception that the 
language mechanics shows an increase of A .5 grade levels. This finding 
suggests that it is not only the correction of oner's own errors in the 
context of writing, but perhaps even more important, the evaluation of the 
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writing of others that leads to gains in the mechanics of writing. The 
process of peer review may be a valuable resource for helpinf, students learn 
to write. 

Conclusion 

Standardized and project testing and classroom work all point to the 
same conclusion. The students in this fourth grade classroom learned a great 
deal about language as an art. They were able to master the use of a new 
form of technology for writing and do so while Improving their writing and 
reading skills beyond their grade level expectation. The evidence from this 
classroom indicates that a skilled language arts teacher with some prior 
cotaputer experience' can use the computer to create functional learning 
environments for students that are very effective for teaching language arts 
skills to fourth grade students. 

In the other project classrooms, some but not all of these features 
were present. In the following classrooms, the focus will be on the how the" 
presence or absence of some of these features resulted in similar or 
different patterns. Each of the classrooms provides another perspective on 
the way computers can be integrated into the learning process. 

Description of Writing in KW"s Fifth-sixth Grade 

KW and BMS shared a similar educational history which is reflected in 
the organization of their classrooms, general teaching strategies (chapter 
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two) and approaches for teaching 'Writing. Most of ^^^s teaching experience 
had been in upper elementary grades, however this was her first experience 
teaching a "GATE" (Gifted and Talented Education) classroom. 

KW had minimal knowledge of computers prior to the project. She had 
talcen same courses designed to help teachers review software, but had little 
experience using a computer and described herself as somewhat computer 
phobic. The software that was used on the project was new to her and she 
learned how to use it her students. 

KW encouraged her students to try to work independently and to try to 
solve their problems themselves* If that failed designated "peer computer 
experts" were to serve as resources. KW used the same strategy in developing 
her own computier skills* She explored a number of possible solutions to a 
problem and then, if unsuccessful, she called on menber of the research staff 
for advice. She once refused a researcher'^s offer to solve a software 
problem, arguing that teachers do not routinely have that type of support. 
She chose to delay the introduction of the new software until she was able to 
make the necessary changes herself. 

KW and BMS taught writing as a process in much the same way except that 
in KW's classroom the whole class was less likely to participate in the pre- 
writing phase as a whole group. Instead, sttidents were encouraged to 
individually generate ideas, organize them and plan their essays prior to 
writing. Students were rec^aired to write often with increasing length 
requirements to encourage writing fluency. 

The initial computer activities were directed toward helping students 
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master the hardware and software procedures. The major writing activity at 
the computer center was composing newspaper articles • Beginning in January, 
the students wrote or edited newspaper stories for 3 weeks. Then, while an 
editorial board assumed the task of evaluating and assembling the newspaper, 
the rest of the students worked on some other writing task on the computer, 
Including computer-pal letters and a variety of interactive reading and 
writing programs. 

All students in this classroom wrote one or more articles for the class 
newspaper; each of the four editions of the newspaper carried articles from 
over half the clas^. Most the stiidents had the opportun.cy to serve < 
editorial board. * bers of the editorial boards for each edition were 
selected from those that wanted to participate (over 3/4 of the class) by 
KW. She made the selections to ensure even numbers of boys and girls, of 5th 
and 6th graders and a mix of skill levels. 

Length of Studert^s Writing 

The length of pre and posttest essays, classrom assignments and 
compu 3r newrpaper stories are displayed in " Ue 10. 

I 
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Pet De3C« Sep (pretest) jun (posttest) 



Mean: X-7A (n-23) 



X-108 (n-23) 



SD: (31) (44) 

De8C' Sep (pretest) jun (posttest) 

Mean: X-71 (n-25) X-91 (n-25) 

SD (25) (32) 

Classroom essays SepH)ec Jan-Mar Apr-Jun 

Mean: X-95 n-83 X-179 n-60 X-207 n-121 

SD (38) (63) (59) 
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Newspaper articles Feb Mar June 

Mean: X-104 X-64 x-^?! X-82 

(37) (29) (3S) (27) 

n-21 n«16 n-i? n-13 

Table 10: The mean length of three types of writing asslgments from 
September to June In KW's classroom. 

^°gtt^ 2l Writing Tests . There were 23 students who were available for 
both the pre and posttest descriptions of pets and 25 for the description of 
a school event. The pretest scores Indicate that the length of students' 
essays were, on the average, about 74 words when describing a pet and 74 
words when describing an event. At the enc^ of the year the students' essays 
were 108 wt "ds for the pet description and 91 words for the event 
description. The Increase In the length of the essays Is very similar to the 
pattern In BMS's classroom. 

^Qgth of Classroom Writing Assignments . Writing assignments were 
collected from the students at the oeginnlng of the year, at roughly monthly 
Intervals and at the end of the year. Table 10 shows the average length of 
these different sets of papers. The Increase In the length of students' 
wrirlng In this classroom was Influenced by the teacher's minimal length 
requirements. The teacher set a higher standard as time went on "to encourage 
both fluency and extension of expression, to "stretch" thelj writing 
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skills- The teacher began to set miniaus! length in Novaaber at 125 words and 
Increased the requirement by 25 words about every 6 weeks. At the end of the 
year the mlnlmua was set at 250 words. While the students did not all meet 
this requirement, this strategy did seem to be effective In Increasing the 
length of the students' writing. It will be Important to see If this 
Increase In length was accompanied by an Increase In the quality of their 
writing. 



Length of Newspaper Articles. The teacher had plaancd to publish a 
monthly newspaper each month beginning in January. It took the editorial 
boards longer tc make their decisions and edit the stories then she 
originally expected, however, and a total of four were produced, one in 
February, one in March, and two in June. The increasing number of stories 
received over the newswire from other classrooms extended the editorial 
board'^s deliberations for the last two editorial boards to the end of the 
year; the number of newswire stories accepted increased dramatically (see 
Table 11). 



Feb 


Mar 


June 


June 


27 


31 


24 


53 


22 


20 


20 


50 


1 


4 


11 


37 


21 


16 


9 


13 



Newspaper edition dates: 

Total number of stories: 

Total in paragraph format: 

^wire stories (paragraph): 
Local stories (paragraph): 

Table 11: The number of stories in each of the editions of the 
newspapers that were in a format in which length was 
assessed . 



The mean length of the stories on the first edition of the newspaper 
(105 words) was longer than that of any of following editions. Almost all of 
the stories in the first edition were not composed at the computer. These 
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storias were written by individual students on paper before they learned how 
to use the software. They were typed into the computer as an early exercise 
in learning how to use the ccmputer* The stories for the second edition were 
composed at the keyboard by pairs of students and the mean length of these 
stories dropped to 64 words, which is lower than the mean of students' 
individual writing off the computer. The articles in the last two editions of 
the newspaper (91 and 82 words) show a rate of increase that is similar to 
the articles produced in BMS'^s class. 

The mean length of these articles is only slightly less than the mean 
length of the newspaper articles written on paper with pencil at t^-e end of 
the year (91 words). This comparison indicates that the students who wrote 
these newspaper articles were able to compose articles on the computer and 
within the social and time constraints of the computer sessions that were 
similar in length to the posttest stories written on paper individually with 
no time limits. In doing so, they demonstrated their ability to master a new 
writing technology and to develop collaborative writing strategies at the 
same time as learning to extend the length of their writing on a given topic. 

Summary of Length of Student's Essays . The students in KW's class 
show steady pattern of increase in the length of their writing across the 
year. The increase in the length of classroom essays written on paper were 
clearly influenced by the minimum length requirements established by IC^. 
The similarity between the lengths of the posttest news essays written on 
paper and the newspaper articles at the end of the year composed on nhe 
computer suggests that the sfMents were able use the computer effectively 
for their writing. 
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Quality of Writing in KW^s Classroom 

The pre- aud posttest essays quality measures of classroom assignments 
and computer newspaper stories are displayed in Table 13. Assessing 
improvement in the quality of writing in this classroom is made more 
difficult by a ceiling effect in most of the measures. 



Pet Desc. 
Mean: 
SD: 



Sep (pretest) 
X«3.05 (n-23) 
(.66) 



Event Desc. Sep (pretest) 
Mean: X-2.A0 (n«23) 

SD (1.27) 



Classroom essays 
Mean: 
SD 



Sep-Dec 
X-2.70 n«83 
(.92) 



Jan -Mar 
X«3.A1 n«60 
(.69) 



Newspaper articles 
Mean: 

SD 



Jun (Posttest) 
X-3.20 (n-23) 
(.68) 

Jun (posttest) 
X-3.43 fn«25) 
(.60) 



Apr -Jun 
X-3.A7 n-121 
(.63) 



Feb Mar 
X«3.A2 X«3.66 
(.51) (.62) 
n«9 n«16 



Jun Jua 
X-3.12 X-3.42 
(.64) (.67) 
n«9 n«13 
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Table 12: The mean holistic scores (0-4 point scale) for three types of 
writing assignments from September to June in KW's classroom. 

Quality of Writing Tests . The students in this classrooms, like those 
in the other project classrooms, wrote better essays at th beginning of the 
year about a pet rather than a school event- The lower Initial scores in the 
description of an event suggest that students were not as skilled in this 
type of writing task. There was, however, more Improvement in the students'' 
description of a school event at the end of the year than in the pet 
descriptions. The students' participation in the newspaper writing 
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activities is likely to be partially responsible for the difference but there 
is also likely to be a ceiling effect of the initially higher pretest scores 
for the description of a pet pretest* 

The following set of papers is an example of one student's pre and 
posttest descriptions of a pet that scored lower than the class average* 
The pretest was a description of a horse and was written like this: 

Mary 

I got a pet to today it's a horse, 
it's white all over and it's a stallion, 
and it wineis. and it feels like silk 
and velvit. I think all ride all 
over the country. 

The posttest for this student is a description of a unicorn. (Some 
students asked, and were given permission to describe an imaginary animal 
by KW). This is how the second essay looked: 

Mary H 

My mom got me a pet 
today, it is a unicorn, he is real 
big, it is so big that it is 
nine feet tall (on four legs) . he 
is pure white except for its 
horn, it is pure gold, it is a 
beutiful unicorn, my unicorn 
snorts and grumbles and sometimes 
purrs or wines, he feels like 
silk or velvet. My pet looks 
manifucent after he is bnished 
and his hair is washed, his name 
is Maltia Mikea. he is a 
beutiful animal. 

the end. 

The pretest for this students received a holistic score of 2 by the 
three readers. This indicates an adequate essay. It has "a topic which is 
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an adequate response to the prompt" yet it has **minimal development of the 
description- with -few details." There are "many errors in the use of 
punctuation marks, capital letters, and spelling" and "incorrect or 
inappropriate structure in many sentences." 

The posttest essay shows clear improvement over the pretest. It has "a 
topic which is a good response to the prompt" and has "good organization •" 
While it has "specific, vivid word choice" and a brief "introduction and 
conclusion," features of an excellent essay (4 points), it also has "many 
errors in the use of punctuation marks, capitals letters, and spelling" and 
"incorrect structure in many sentences," features of a adequate response (2 
points)* Since most of the characteristics fall in the category of a good 
composition (3 points) with some falling in the excellent (A points) and 
some in an adequate category, the holistic score given by the three readers 
was 3. 

V 

Both the pre and posttest scores of this student were below the class 
norm, with a higher rate of Improvement. The average student pretest was 
similar in quality to this second essay. While In most cases there was 
improvement in some features of the description, they were often not 
sufficient for it to I scored as an excellent essay. The use of a six or 
eight point scale rubric would have been necessary to show these change?. 

Quality of Classroom Writing Assignments . The students classroom work 
shows a steady Improvement in quality over the year. During the first the 
months, the average holistic score of the essays was 2.70, during the second 
period it increased to 3.41 and during the last period it was 3.47 > Again 
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there Is likely to be a ceiling effect for the gain in the last period. What 
is of particular importance is that the gains in length that were pushed by 
minimal length requirements were accompanied by corresponding increases in 
the quality of students writing. 

The following two stories by one students indicate the average gain in 
quality from the beginning of the year to the end of the year. Both stories 
are - stickers stories", stories that are inspired by the illustrations on 
stickers that students select. 

Sticker story, October 5, : Sticker shows three brightly colored helium balions 



One Day I won 3 helimun Ballons 
I was so excited. I asked my friends, 
Collem and Honica if they would like to 
ride in one each. The both said Yes and 
^- said to bring a friend. I decied to 
ask my best friend Tiva to ride with 
me. 

The next day I packed three 
big lunches. My friends arrived at 
noon. First came Collen. "This is 
my friend Vivian." She said. Then Monica 
**! would like you to meet Brandy." 
They each brought "an animal. Collem 
broght a monkey named krakers. 
Monica brought her cat named 
Sugar Pie. I had my Dog named Bets. 

I let Monica and Brandy have the 
have the red one* Collem watnted the 
Blue one. So I got the green and yellow 
one. We stared off at one o'clock We 
floted around for along time. Everyone 
on the groimd called us the Rainbow 
Ballons. Finnally we landed at 5'o' clock. 
My friends said it was fun. That's 
the story of the Rainbow Ballons. 



Sticker story, April 8, : Four stickers, one of blond woman, a rose, 

a butterfly and a unicorn in front of a rainbow looking into a blue 
pond with blue clouds. 



The Rainbow Ballons 
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BLUE MIST 

By Robin T 



There once was a young princess who 
had a very large Imagination. The funny thing 
was that whatever she imagined came true« One 
day she was sitting in her rose garden. (She 
loved roses •) She started imageing a toiicorn 
drinking froa a crstal clear pond and 
behind the unicorn there was rainbow. 
Then a voice started calling her. She looked 
up and saw a butterfly. "Ivinnia! Ivinnia!!" 
it said. "Oh, sorry." She said. "It is just I 
always get involved in my day dreams. I always 
wonder were it is going to show up! 
"Ivinnia," the butterfly said "they are going 
to disappear. That is all of them except 3." 
"What do you mean?" asked the startled girl. 
''I mean your time is up." replied the butter- 
fly. "So what 3 is it going to be?" Sh#* 
just sat there thinking for a minute. "1 have 
a question." said Ivinnia. "Can I have a new 
one?" "Sure." Said the butterfly. "Only if you 
have a good reason." "Well began Ivinnia 
"My first wish is I want a rose. The most 
beautiful rose in the universe. I also want 
you to keep me company." "Your wishes 
are my cofmnand." he said* "And last 
but least" said Ivinnia "I want the 
unicorn picture. "Follow me!" said the 
butterfly and she did. While she 
walked everything started disapering. 
At tb'j end of the path there her 
wisVies were^ She started rmning. 
Her heart was filled with joy. All 
around her there was a blue mist. 
She ran, picked up the flower and 
junped on the unicorn. Calling the 
butterfly f^he took off into the blue 
mist. She euded up calling the 
unicorn blue misf . 



The first story was scored as a good composition according to a four 
point rubric for narrative writing (see Appendix). It has a "sequence of 
events which is a good response to the writing prompt" in this case the 
picture. While there is "good development of the story" it is "marred by an 
irrelevai ; description" of the pets that were taken in the balloons. There 
is a clear temporal "organization of the story" and "good word choice, which 
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is, however not particularly fresh or vivid" and includes "some errors in the 
use of punctuation marks.. .and spelling". 



The second essay indicates real development in the students' control of 
a number of narrative conventions. It was scored as an excellent composition 
according the the four point rubric for narrative writing. Its strong 
features are a -fresh and vigorous word choice," "a variety of interesting 
details j" and a "clear sequence of events which is an appropriate response to 
Che prompt and is introduced at the beginning of the composition." It has 
correct and appropriate structure in almost all sentences" and very few 
errors "in the use of punctuation marks , capital letters, and spelling." 

The first essay is very similar in quality to those written by the 
other students m the class. The increase in quality between this early 
essay and one written in April is similar to that of many of the other 
students in the classroom. The quality of students' work in this classroom 
increased dramatically between the first and second periods and then, 
possible because of individual differences and a ceiling effect, the rate of 
increase becomes much more gradual o 



Q^^^^y of Newspaper Articles . The stories accepted for the newspaper 
began at a relatively high level of quality with small changes across the 
issues. It is likely that this pattern is the result of a coiling effect. 
The mean score for the articles in each issue were: first issue 3.42 
(n«22), second issue 3.66 (n«16)» third issue 3.12 (n«9) and final issue 3*42 
(n«12). 




The stories for the first edition were composed on paper and typed into 
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the computer. The stories for the second edition were composed on the 
computer by pairs of students writing together. They were, on the average, 
shorter (64 words) than any other of the writing samples written either on 
or off the the computer < They are also, on the average, better written 
(3.66 points) than any of the writing samples. 

During this time, KW noticed that students' collaborative essays on the 
computer were much shorter than essays written by students working alone off 
the computer. She also noticed that the students working together at the 
computer were spending time discussing their writing. She stispected that the 
students were spending more time editing and revising their work and that the 
shorter length might be offset by higher quality of the writing. (Papers had 
not been scored at this point) . 

Interested in the effect of collaborative writing on length and quality 
of essays, she assigned pairs of students the task of cooperatively writing a 
newspaper story using a single oheet of paper to compare with the stories 
pairs of students wrote using the computer writing tools. Unfortunately, the 
same pairs of students were not assigned to each of the conditioner 
Therefore, we compared the length and quality of the cooperative stories 
written on paper (n»lA essays) with a set of newspaper articles written by 
pairs of students working on the computer during the same week (n«9). 

There was no difference in length between the two sets of papers. The 
mean length for stories written collaboratively on paper was 81 words, and 
the mean length of stories written collaboratively on the computer was 80 
words. The quality of the paper/pencil was similar to the computer sample; 



Computers in Classrooois 
Final Report NIE-G-^3-0027 



June 26, 1985 
174 



the holistic score was 3.7 for paper/pen essays and 3#6 for computer essays • 
No writing sample on paper was scored higher than 3.7 and the average writing 
sample for this time of year was 3.5. 

Stxidents' collaborative essays either written on paper or on the 
computer were shorter but of higher quality than individual essays. Students 
seem to be doing more than composing a first draft when they write 
collaboratively. The Immediate feedback from the other person helped clarify 
Ideas as essays were being written, resulting in more revising and editing 
than when they worked alone. This suggests collaborative writing that is 
facilitated by the computer may be a important factor In the gains in quality 
of writing that were evident in these classrooms over the school year. 
Collaborative work, facilitated by the computer, may be an important way to 
maximize students^ learning. 

SumLiary of Quality of Writing . Writing pre- and posttests show a 
dramatic increase in the quality of students descriptions of events. The 
higher scores on the pretest description of pets suggests a ceiling effect. 
There was a steady increase in quality of the students classroom assignments 
that parallels the increases in length. The cooperative writing of newspaper 
articles at the computer resulted in shorter articles of higher quality. It 
is likely the collaborative writing is one of the important dimensions 
responsible for the increases in the quality of student work over the vear. 

Standardized Tests of Basic Skills . In this fifth-sixth classroom, 
only the fifth graders were given the California Test of Basic Skills at the 
end of the year. About a third (6 of 17) of the fifth graders had reached 
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the test score ceiling (10.9) at the beginning of the year. Another 4 
reached the ceiling some time during the year. The 7 remaining students 
ranged from one student that showed no change to a student with a gain of 
three years. The omdll nusbcr of students ^nd the large variation makes it 
impossible to use standardized testing as an indication of student gain in 
this classroom. 

Conclusion. The eacher in this classroom, KW, was experienced in 
teaching writing but was a novice in terms of computer use. She was working 
with upper-grade talented students. She had little difficulty in extending 
her teaching strategies to include the computer as one of mar^y work stations 
in her classroom. The sttidents were able to use the computer tools to 
extend their writing skills. It was difficult to assess the increase of 
students skills in this classroom because of a strong ceiling effect. This 
effect was evident in the project testing, evaluation of student's writing 
and in standardized testing by the school district. Even with the ceiling 
effect, the students in this classroom showed gains in writing that were 
similar to those of the students in BMS's classroom. The /ole of peer review 
in collaborative writing was again pointed to as the one of the significant 
aspects responsible for improvement in writing skills. 



BL is a bilingual teacher with previotis experience in teaching upper 
grade students. This was her first teaching experience with younger 
students. Prior to the study, she had no special training in the area of 
language arts instruction, minimal experience with computers and was 



Description of Writing in BL"s Third-fourth Grade 
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unfamiliar with the software used on the project* 

BL's school had a rotation procedure which regrouped students 
homogeneously according to skill level for math and reading. In this 
arrangement, the third and fourth grade students with the lowest achievement 
scores in reading were grouped in her classroom for language arts. This 
group also included a large number of Limited English Proficient (LEP) 
students. Tlie students in BL's classroom for reading and writing were 
reading at the first or second grade level in either Spanish or English as 
measured by the California Test of Basic Skills. 

At the beginning of the year there was no printer in BL's classroom. The 
students saved their stories on disk to be printed out later using a printer 
located in another classroom. In mid-January a printer was provided for the 
classroom. 

As in the other classrooms, the first computer activities ( Typing Tutor 
and Apple Presents Apple ) were designed to give the students some 
familiarity with the keyboard. The students then worked with some 
interactive story programs that helped the students make their own stories 
without having to write text. In November the scudents were introduced to 
writing Computer Chronicle stories with a choice of working in either 
English or Spanish. The students with low reading levels had trouble 
understanding the writing instructions and some found the task too difficult. 

BL decided to switch to interactive programs that required less writing 
by the students, while she explored ways to provide social support for writing 
on the computer. In February the students resumed writing newspaper articles 
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along with the other computer activities with the help of p 



peer tutors or 



bilingual cotaputer coaches. The teaclK^r used a number of different 
interactive tools trying to find the necessary match between the skills of 
the students and the level of the programs. While students enjoyed many of 
these programs, BL wanted to be able to integrate the computer with other 
classroom -Activities. 

As her own ikill with the computer software increased, she decided to 
use the interactive system (ITI) to write her own activities. After a few 
:« ars of training, she wrote two computer programs to use with her students. 
One was a prompt to help students write friendly letters and the other was a 
book rep< t form. In both cases she wrote English and Spanish versions. 
These computer activities were introduced in the last two months of school 
and were integrated winh other activities* that occurred in the classroom. 

lengt h of Students^ Es says in BI/s Class 

The length of students' essays over thr year show a steady increase in 

length (Table 13). While these students bega*^ the year with skills that were 

much Ic" r than the classroomj discussed so far, their rate of Improvement is 
very similar to these other students. 
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Pet Pe3C> Sep (pretest) jun (posttest) 

Mean: X-47 (n-15) X-69 (n»15) 

SD (21) (32) 

gvent Desc, Sep (pretest) jun (posttest) 

Mean: X-59 (n-14) X-71 (n»14) 

SD: (33) (41) 

Classroom essays Sep-Dec Jan-Mar Apt-Jun 

Mean: X-38 n-24 X-45 n-33 X-68 n-21 

SD (20) (24) (28) 



Newspaper articles june 
Mean: X-52 n-32 



SD 



(28) 



Table 13: The mean length of three types of writing assignments from 
September to June In BL's classroom. 



Length of Writing Teats . Uke the students from the other classrooms, 
the students in BL's classroom wrote slightly longer essays describing a 
school event than they did when describing an anlmsl. The mean length of the 
popttest was almost the same for both of the topics. This means that the gain 
in length for the description of a pet was greater than that for an event, as 
it was for each of the previously discussed groups of students. 

^Qgth of Classroom Writing Assignments . The mean length reported for 
classroom essays for each of the three periods represents the work of the low 
achieving monolingual htudents. Most of the writing in this classroom was 
done during the period of the day in which students were grouped based on 
reading levels. Often the bilingual students who were in BL's classroom for 
this period worked with a biliogual aide on reading skills. Therefore, they 
were not present for many cf the writing activities. 
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The average length of students' v^rk In the first three months of school 
(38 words) fe'as ?'iorter than the average length of either of the pretests (47 
and 59 words) • The length of work during this first peri* wiis also only 
slightly shorter than that of the fourth graders in BMS's class for this same 
time period(42 words). 

The pattern of gain in the length of essays over the year is different 
in this classroom than the previously described claKOrooms. In BMS's and 
KW's class the greatest gain was made between the first and the second 
trimester* In BL's classroom the increase in the length of students*' writing 
is much greater between the second and third period than It was during the 
first and second. Tnis early period is when BL had difficulty finding 
appropriate computer activities for her students. The low reading level and 
the special need for bilingtzal software slowed down the integration of the 
computer in this classroom. It was not until the latter part of the year 
that the students in BL's classroom were using the writing tools 
productively. It is possible that the students longer essays in the later 
part of the year were influenced by more successftil writing experiences on 
the computer. 

One way to assess the gains m^^de by these students at the end of the 
year is to compare the length of their essays written at the end of the year 
to the older students essays written at the beginning of the year. The 
po :e3ts of tne low achieving third-fourth graders in BL"s class (68, 71) 
wert /ery similar to the length of the pretest of the Gifted and Talented 
(GATE) fifth-sixth graders in KVTs class (70,74), This suggasts that these 
atudentL showed gains in writing fluency that were greater than ^.xpected 
given their age and academic history. 
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length of Newspaper Articles. There was one newspaper published in 
June which contained a sample of stories written across the whole year. This 
means that it is not possible to use published newspapers as a means to 
assess increases in length oi writing on the computer over the year. The 
single edition included 32 stories written by 22 of BL's students. 

Summary of Length of Writing . The gains in length of essays in this 

classroom are Impressive given that this was a homogeneous group of the 
lowest skilled third and fourth graders in the school. Given the 

difficulties that these students had in reading and therefore in the use of 

th? software, it would not have been s-.. prising to see little or no growth in 

the length of their writing. In fact, the gains in length seemed to increase 
more towards the end of the year c^t the same time as use of the cot-puter were 
more successfully integrated wi.:h th^ curriculum. 

To evaluate tlieir improvement, a comparison was made between the length 
of posttest assays of these low achieving students with the pre-test scores 
of the older fifth-sixth grade gifted students. There was almost no 
difference. Zhis suggests that these students made p;ains in their writing 
that are beyond what is nomally expected. 

Quality of Students^ Writing in BL^s Classroom 

The holistic scores for each of the three types of writing assignments 
are displayed in Table 14. 
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P«t Desc. 
Mean: 
SD: 



Sep (pretest) 
X-2.13 (n-15) 
(.68) 



Jup (Posttest) 
X-2.AA (n=15) 
(.57) 



Event Desc. Sep (pretest) 
Mean: X-1.83 (n-14) 

SD (.98) 



Jun (posttest) 
X-2.i7 (n-lA) 
(.80) 



Classroom essays 
Mean: 
SD 



Sep-Dec 
X-2.04 n-24 
(.A6) 



Jan-Mar 
X-1.81 n-33 
(•74) 



Apr -Jun 
X-2.29 n-21 
(•69) 



Newspaper articles 
Mean: 
SD 



June 

X-2.85 n«30 
(•83) 



Table 14: The mean holistic scores (0-4) for three types of writing 
assignments from September to June in BL^a classroom. 



Quality of Writin g Tests. BL's class was the only class in which th^* 
rate of improvement on the two different writing tests was similar. The 
improvement in the quality of the posttest essays describing a pet (an 
average gain of .31 poirts on a 0-4 point scale) was almost identical to the 
Itt^rovement in the posttest essays describing an event (average gain of .33 
fx^ints). Ho\«ver in the other classrooms the 5,ncrease in quality of the 
posttest description of an event was more than twice as great as the increase 
in quality of the posttest description of a pet. (In BMS^s class the 
increase in quality of the posttest test essays for descriptions of a pet 
averaged .32 points, while the increase in quality of the posttest 
descriptions of an event averaged .79 points.) 

The pre- and posttests were designed to assess increases in a type of 
writing activity (newspaper writing) that ^:aa frequently done on the 
computer in these classrooms. For reasons already discussed, this classrooms 
involvement in writing newspaper articles on the computer was minimal. It is 
possible- that if these students had been given pre and posttests writing 
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tasks that reflected their use of the compucp. (for example in writing book 
reports or letter writing), their rate of improvement would be proportionally 
higher • 

Quality of Classroom Writing Assignments > The students' writing on 
paper did not show much improvement in quality between the first and second 
p-^riod. rne average holistic score for the 24 essays collected during the 
first period was 2.04; the score for the 33 essays collected during the 
second period dropped slightly to 1.81. From the second to the third period 
however, there was a gain of a half point on a 0-4 point scale. This is the 
same period in which the students' work showed a gain in length. These 
findings suggest that the more successful uses of the computer iutroduced by 
BL toward the end of the year had an influence on the quality as well as the 
length of students' wriring during this period. 

Qu ality of Newspaper Articles . The quality of the students work 
publish/id in the single edition of the newspaper represents a collection of 
the students' best work over the year. Since the stories were written 
throughout the year it watf not possible to determine Improvement over time by 
using this newspaper. The students engaged in a range of activities cu the 
computer across the year but it is very difficult to compare them because 
t. -^re were varying amount9 of help provided by the softwa'-^ and social support 
for writing 'as not consistent across the computer activities. 

Sugimary of Quality of Students' Essays. The rate of improvement in the 
quality of the students work in this classroom was very similar to that of the 
students in BMS^s classroom. The pretests and ea ly classroom work from 
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these two classrooms was similar to the older fourth graders scoring 
slightly higher than the third and fourth graders in BL class. The rate of 
gain in the two classrooms is similar for the description of a pet and for 
the classroom assiganents. However, unlike any of the other classrooms, 
there was no higher rate of Improvement for the description of an event 
test. Newspaper writing did not play a central role in this classroom and 
the rate of Improvement for this type of writing is no different than for 
other types. 

Conclusion . This classroom showed a unique pattern of student 
Improvement. In BMS's and KW's classrooms the computer was successfully 
integrated into the curriculum at the beginning of the year and the rate of 
Improvenent over the yea • was steady. In BL'^s classroom, it was necessary to 
make adjustments to the software and to the way it was used with students. 
The integration of the computer activities into the currictilum towards the 
end of the school year were accompanied by a higher rate of increase in the 
quality and length of students'* writing. 

An Important dlmensioa In this cas^ study was the growth of the 
teacher's knowledge as well as that of the students. BL was teaching at a 
new grade level, learning a new method for teaching writing as a process, and 
learning how to use a computer and a software system. All of her students 
were low achieving and in some cases limited English proficient. While any 
one of these factors alone couli tnake her adjustment to this teaching 
situation difficult, she was also ^'aced v^th difficulties in the skill level 
of the activities was not always appropriate for her students. 

Despite there constraints, her students showed a substantial rate of 
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laproveaent • Furthermore, she was the only teacher who used the authoring 
capacity of the computer system to create new software during the course of 
the year. Because of the skill level of her students, and the additional 
needs of bilingual students, BL was forced to take the most active role in 
finding a way to integrate the computer with her teaching objectives* BL's 
mastery over the system to create new computer tools for her students was 
very impressive. 

Description of Writing in KO"s Fifth-Sixth Giade 

KO is a teacher with a great deal of expertise in teaching upper grade 
students how to »frlte. KW's and KO's approach is very similar. Previous to 
this study, these teachers had worked at the same school sharing teaching 
materials and strategies for language arts instruction. It was this 
similarity in approaches to language arts instruction and similar grade level 
assignments that led us to select this classroom as a control. 

Unfortunately, the students assigned to these two classrooms were not 
similar. The students assigned to KCs cla?s were below average grade le'^el 
at the beginning of the year as measured by the California Test of Basic 
Skills. The students in KW classroom were at the other end of the 
educational spectrum-functioning well above grade level. The students in 
KO's class are similar in age to the fifth-sixth giaders in KWs class, 
similar in grade l evel achievement to the fourth grade students in BUST'S 
class and similar in educational hi story to the low achieving students in 
BL^'s class. Because of these differences, this classroom can not in any 
strict sense be considered a control group for any of the classrooms. However 
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many of the comparisons highlight differences that may be important in the 
overall assessment of the effectiveness of the computer facilitated learning 
environments • 

As in KW's and BMS's classrooms, KD arranged her classroom around 
learning centers. The low scores on vocabulary and spelling subtests of the 
California Test of Basic Skills prompted her to focus on these areas of 
slcill development. She created an individualized spelling program for each 
student integrated with the writing process to promote vocabulary 
development . 

About one third of the students in KD's class participated with students 
from other classrooms in the production of four newspapers over the course of 
the year* KG held weeWLy editorial hoard meetings during lunch for the fifth- 
sixth grade students who wanted to be involved. During these meetings 
assignments were gi^ en which were often completed during regular classroom 
writing periods. After the stories were written and edited, the students 
blocked them letter by letter on graph paper and then they were typed by the 
ceacher . 

Length of Students^ Essays in KO"s Fifth- Sixth Grade 

The length of students' writing in this classroom are shown in Table 15. 
Unlike the other classrooms, there is no clear pattern of improvement over 
the school year. 
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Pet Desc. Sep (pretest) jun (posttast) 

Mean: X-73 "(n-21) v>7q' (n=.21)" 

SD: (63) (30) 

Event Desc. Sen (pretest) jun (posttest) 

Mean: X-109 (n-21) X-56 (n-21) 

SD -6) (23) 



Classroom essays Sep-Dec Jan -Mar Apr -Jun 

MeanJ X-58 n-50 X-78 n-73 X-65 n-30 

SD (22) (36) (25) 



Newspaper articles Nov Dec Feb 

Mean: x-65 n-3 X-72 n-5 X-69 n-5 

SD (21) (lA) (19) 



Table 15 : The mean leiigth of three types of writing asslgrments from 
September to June In KD's Classr oom • 



^^th of Writing Tests, In both of the writing tasks the students 
pretests were longer than the posttests. In fact the mean length of one of 
Che pr'^tests, the description of an event. Is 50^ longer than the posttest 
and most other sets of papers written over the year. When the length of this 
pretest is considered In the context of the other writing done by these 
students. It It clear that these essays were unusually long. 

The students In this classroom, as In the other classrooms, wrote longer 
posttest essays on the description of pets (mean - 70 words) than they did on 
the description of events (mean - 56 words). There was, however, a decrease 
Instead o£ an Increase from pre- to posttest for both writing tasks. While 
the change In length of the pre- and posttests describing a pet were almost 
the same length (73 compared to 70 words), individual variation over the year 
decreased. In all the other classes the variation increased with increasing 
scores. The move toward the g^-oup mean may point to an effect of homogereous 
grouping of students on the achievement motl ration of students. 

Er|c i8o 
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Length of Classroom Writing Assignments ^ The drop in average length 
from the pre- to the posttest essays would be difficult to interpret without 
the context of classroom writing assignments. It is not likely that the 
student's writing decreased over time. By comparing the lengths of the 
pretest essays (73 and 109 words) to the students classroom writing at the 
beginning of the year (58 words), we can see that these essays were on the 
average longer than their other written work. 

length of Newspaper Articles. Some of the students in KD's class 
participated, with students from other classrooms, in the newspaper writing 
project directed by their tsacher. This writing was not done on the computer 
but provides for a comparison of a similar activity accomplished with the 
resources provided by the computer and printer. 



Newspaper edition dates: 


Nov 


Dec 


Feb 


TotcU. number of stories 


28 


27 


22 


Total in paragraph format: 


7 


6 


6 


Written by other students 


A 


1 


1 


Written by KO's students 


3 


5 


5 



Table 16: The number of stories in each of the editions of the 
newspapers that were written by students in KO's class 
and in a format approptiate for length assessment. 

As can be seen Table 16 the newspapers produced were Jargely composed of 
entries that were not in paragraph form, making it difficult to compare 
lengths. (Other articles wera lists of responses to questionnaires or 
surveys, puzzles, or birthday lists.) In the three issues of their newspaper 
there was an average of 25 articles representing contributions from about a 
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third of her class. However only 12 of these contributions were in paragraph 
format and they were written by 5 students. As was seen in Table 15 there was 
little variation in the length of articles across the three issues (mean 
lengths of 65 (SD-21), 72 (SD-IA), and 69 (SD-19). 

Sunmary of the Length of Students^ Essays . While there was some 
change in the average length of students' writing in this classroom, it did 
not present the same pattern of steady improvement that was evident in each 
of the other project classrooms. The average length of students' writing 
over the year showed only slight increases with individual variation 
decreasing. 

The classroom writing samples do not suggest a gradual increase over the 
year but rather a high point mid-year with length of writing decreasing 
towards the end of the year. At the beginning of the year, the average 
length of students' writing in KD's classroom (58 words) was longer than Chat 
of BMS's fourth graders (42 words) and BL's third-fourth graders (3 8 words) 
but not as long as that of the fifth and sixth graders in KW's class (95 
words). This ranking is consistent with exp^ictations based on grade level and 
achievement scores . 

4t the end of the year, however, the ranking had changed. In all the 
other classrooms the average length of essays had more than doubled over the 
year. In fact, the averafje length of the essays by the low achieving third 
and fourth graders in BL's classroom (68 words) were longer than those of 
the fifth-sixth graders in this classroom (65 words). The contrast between 
the increase in length of students' writing in the three experimental- 
classrooms and that of this control "classroom- suggests that the computer 
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facilitated writing environment influenced the length of students' writing. 

Quality of Writing in KO"s Fifth-Sixth Grade 

Improvements in the quality of the students' writing over the year are 
very similar to the changes in length. There was not a gradual increase in 
the quality of the students's writing as assessed by our modified holistic 
scoring procedure (Table 17). 
% 



Pet Desc. 
Mean: 
SD: 



Sep (pretest) 
X-2.25 (n»21) 

(.^84) 



Event Desc. Sep (pretest) 
Mean: X«1.71 (n«21) 

SD (1.29) 



Classroom essays 
Mean: 

SD 



Sep-DeC 
X-2.25 n-50 
(.72) 



Jun (posttest) 
X-2.11 (n-21) 
(•69) 

Jun (posttest) 
X-1.93 (n-22) 
(•98) 



Jan-Mar 
X-2.14 
(•61) 



n-73 



Apr -Jun 
X-2.33 
(•69) 



n*30 



Newspaper articles 
Mean: 
SD 



Nov 

X»3.6 
(21) 
n-3 



Dec 
X-3.8 

(lA) 
n-5 



Feb 
X-3.6 
(19) 
n-5 



Table 17: The mean holistic scores (0-4 point scale) foi three types 
of writing assignments in KO's fifth-sixth grade. 



Quality of Writing Testis. The description of che pet pre- and 
posttest essays were similar in both length and quality reflecting little 
change over the school year. 

While the length of the description of an event decreased by about half 
from pre- to posttest, there was a slight Imprc/ement in the quality of the 
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writing (+*22 



points, SD-l.lS). Howeve 



r the rate of improvcnient was lower 



than that of BL's third and fourth graders (+.33 points, SD=«1*16) and much 
lower than that of the students in BMS's (+.79 points, SD-1*2 6) and KW's 
(+1*02 points, SD-1.07) class. 

Quality of Classroom Writing As signments ^ The slight variation in 
both the length and quality of the students' work over the year validates the 
low rate of change from the pre to the posttest for the students in KD's 
class. The pattern of change in the quality of the essays was the inverse of 
that for the length of eseays. During the middle three months of school, 
students essays were longer, but this increase was accompanied by a drop in 
the quality of students's writing. From mid-year to the final three months, 
there was a slight decrease in the length and an increase in the quality. The 
overall pattern was a very slight increase in both length and quality. The 
rate of improvement however, was auch lower than it is for any of the other 
classrooms. 

Qtiality of Newspaper Articles. The quality of the newspaper articles 
in each of the editions of the newspaper was consistently high (3.6 - 3.8). 
But there were very few newspaper articles (3-5 in each edition) that were 
writ-en in the paragraph format needed to compute a quality score* 

While the newspaper project in this classroom was very similar in many 
ways to the one that occurred in BMS's and KW's cl<.s8rooms, there were some 
important differences. KO did not have the resources provided by interactive 
writing tools, word processors, printers and news networks. The result was 
that more time was required for assigning articles, providing the necessary 
guidance in writing and editing the articles, and blocking and typing them 
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prior to layout. Many of the students used interview forms or survey reports 
without summarizing the information in their own words. The few students who 
wrote articles in paragraph format were strong writers and the quality of 
their work was consistently high across the three editions. While the computer 
is not the crucial for a classroom newspaper project, a computer and printer 
can help create a learning environment which devotes more time to composing, 
editing and evaluating writing and less time to blocking, typing and layout. 

Summary of Quality of Sttidents^ Essays . The rate of improvement in 
the quality of students writing across all measures is not as high as in the 
other three classrooms discussed. On the description of a pet task there was 
no Improvement. The description of an event posttest and the writing 
assignments in the last three month eacli indicate a slight (.19 and .22 
points) increase frun the beginning of uhe yecr. The gain over the year is 
not consistent; scores dropped midyear. A newspaper project without the 
help of computer tools was effective in helping sttidents learn many 
Important things about journalism, but did not provide the same focus on 
writing skills. 

Standardized Tests of Language and Reading Skills 

The California Test of Basic Skills was administered in May in KL's 
school district so we were able to use these to examined the students' 
progress in this classroom. Table 18 shows the grade-level equivalents for 
the subskllls measurer in the language portion of the CTBS for KO's students. 
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LANGUAGE OCT MAY READING OCT MAY 



Spelling Vocabulary 
Grade level eq. 4.1 5.1 Grade level eq. v.l 4.6 
SD (1-1) (1.5) SD (1.4) (1.8) 

Mechanics Comprehension 
Grade level eq. 3.3 4.1 Grade level eq. 4.3 4.8 
SD (1.3) (1.8) SD (2.0) (2.3) 

Expression 
Grade level eq. 4.1 4.6 
SD (1.5) (1.8) 

TOTAL TOTAL 
Grade level eq. 3.7 4.5 Grade level ec. 4.2 4.7 
SD (1.3) (1.6) SD ' (1.6) (2.0) 

Table 18: The results of the California Test of Basic Skills (CTBS) 

standardized testing for KO's fifth (n-14) and sixth (n-11) 
grade classroom expressed in grade level equivalents, at 
the beginning (Oct) and end of the year (May). 

If all 8*:udent3 were functioning at grade level, the average grade level 
for the class would be 5.5 in October and it would be 6.3 in May. As can be 
seen from the scores in Table 198the class scored one grade level below 
average in October in all language and reading subskills. At the end of the 
year the students remained below grade level. 



A comparison of the reading and writing subtests suggests that the 
writing program in this classroom was effective in Improving students' 
language. While the students show a gain of .5 for the reading skills, they 
show the expected gain of .8 for the language skills. The students show the 
highest gcln in spelling, an area in which KO had placed a special emphasis. 

The other classrooms in this study did relatively better on all measures 
of writing used in this study. Horr /er, th^j students in this classroom did 
achieve one grade level in language arts which is higher than is expected for 
students who began the year so far below grade l<ivel. This suggests that the 
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writing program used in this classroom without the use of the compucer 
writing tools was an effective way to teach students language skills. The 
evidence from the other classrooms suggests that the integration of the 
computer writing tools with the approach to writing used in this classroom 
would lead to a very effective writing program. 

Conclusion 

The students in KD's class do not show the same degree of improvement in 
their skills as did the the stiidents in the other classrooms discussed. Their 
writing pre- and posttests do not show any gain in length or quality. The 
students showed the greatest improvement in both the length and quality of 
essays during the middle of the year, while scores fell off towards the end 
of the year. The production of newspapers without the aid of computer 
writing tools resulted in more time required for making writing assignments, 
guiding writers and the blocking, typing and layout of the articles. This 
left little time for the evaluation and revision of writing that was central 
in the newspaper writing experiences in the other classrooms. 

While the performance of these students on writing tasks was not 
Impressive when compared to the students in the other classrooms, the results 
of standardized tests (CTBS) suggest that these students did show the amount 
of gain that is expected for this time period. 



I have described the development of writing skills in four classrooms 
over a period of one year. I will now briefly compare the features of each 
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■>£ the classrooms and summarize student gains. From this comparison of the 
case studies we can make inferences about which features seem to contribute 
to the success of functional learning environments. 

Functional Writing without Computer Tools 

KO is an experienced teacher working at a familiar grade level without a 
computer or any computer writing tools. Teaching writing is clearly one of 
her strengths; her instructional strategies are very similar to those of the 
other teachers in this study. An indication of her dedication to language 
arts instruction is the school newspaper project that she organized and 
implemented. 

Her classroom consisted of a relatively homogeneous group of low 
achieving students. Their group scores on standardized testing were about a 
year below grade level in all academic areas. Their educational history 
suggests that every year they will fall slightly further behind their grade 
level. While ^his expected pattern occurred in reading, the students' 
scores in the language area indicated a normal year's gain. 

The students in KD's class did not show the same degree of improvement in 
their skills as did the students in the other classrooms discussed. Their 
writing pre- and posttests did not show any gain in length or quality. The 
students classroom assignments indicated the greatest Improveu'ent in both the 
length and quality during the middle of the year with scores falling off 
towards the end of the year. The production of newspapers without the aid of 
computer writing tools resulted in more time required for making writing 
assignments, guiding writers and the blocking, typing and layout of the 
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articles. This left little time for the evaluation and revision of writing 
that was central in the newspaper writing experiences in the other 
classrooms* 

In this case study, a skilled teacher who taught writing as a process 
from pre-writing to publication was able to help low achieving students 
improve their writing skills* Even though gains were evident on standardized 
testing the students essays over the year did not show the degree of 
Improvement that was evident in all the classrooms using computer tools* 

Computer Tools ; Necessary but not Sufficient 

BL faced a number of new experiences besides participation in this 
project* She was teaching at a new grade level, developing a bilingual 
program and learning a new method for language arts instruction* Like KW, 
her knowledge of computers and the computer writing tools was minimal* But 
unlike KWy she could not count on her students to help her learn* While any 
one of these factors alone could make her adjustment to this teaching 
situation difficult, she was also faced with difficulties in using the 
available software with her students. Many of the students had difficulty 
reading the writing instructions on the screen* It was also Important to 
have the same computer task available in Spanish and English* 

In BMS'^s and KWs classrooms the computer writing tools were 
successfully integrated into the curricxilum at the beginning of the year and 
and the Improvement in the quality and length of students'' writing over the 
year w!is consistent* In BL'^s classroom, the students^ inability to read the 
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information on the screen taade it necessary to make adjustments to the 
software and to the way it was used with students. The more successful 
introduction of computer activitiefi created by BL towards the end of the 
school year were accompanied by a nigher rate of increase in the quality and 
length of students" writing. 

Despite these constraints, her students showed a substantial rate of 
improvement. The increase in the quality and length of student esaiys in this 
classroom are Impressive. Given the difficulties that these students had in 
reading and therefore in the use of the software, it would not have been 
surprising to see little or no growth in the length of their writing. The 
fact that these gains begin to show up towards the end of the year, at the 
same time as the studentJj were using the materials created by BL suggests 
that the successful integration of the computer with the vrriting curriculum 
may have had an influence. 

Because of the skill level of her students, and the additional needs of 
bilingual students, BL took an active role in creating new activities to 
integrate the computer with her teaching objectives. BL's mastery over the 
system enabled her to create new computer tools for her students and a system 
that was flexible enough to allow for re-structuring made it possible to 
create a functional environment for these younger bilingual students. 

An Important dimension that this case study adds to our knowledge of 
writing with computers is the critical role of teacher's knowledge and the 
flexibility of the computer writing system. Computers and computer tools by 
themselves will not make students better writers. But computer tools used by 
experienced educators can create effective learning environments. 

198 



Computers in Classrooms 
Final Report NIE-G-83-OC27 



June 26, 1985 
197 



Computer Tools and Teaching Knowledge 

IW, a teacher with a great deal of experience in teaching language arts, 
was teaching at familiar grade level, although this was her first experience 
with gifted** students. Prior to this study she had minimal experience with 
computers. While she seen some demonstrationa of the software, she began the 
year with much less computer knowledge and experience than some of ber 
students. She relied heavily on students who learned quickly to help her 
and other students find solutions to problems that arose. 

While at times struggling to master the computer and the writing tools, 
had little difficulty in extending her teaching strategies to include the 
computer as one of many work stations in her classroom. The students were 
quickly able to use the computer tools to extend their writing. The students 
in this class showed a pattern of increase in writing skills well beyond their 
grade level. However it is difficult to assess the degree of influence of 
the computer writing environment in this classroom for two reasons: (1) The 
students in this class were expected to make more than a year's progress; (2) 
judging their rate of improvement was difficult because of a ceiling effect 
in most of the measures. This effect was evident in project testing, 
evaluation of students' writing and in standardized testing by the school 
district. Even with the ceiling effect, the students in this classroom showed 
gains in writing that were similar to those of the students in BMS's 
classroom. 

Comparing the students' writing across the year in different situations 
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provides important Information in understanding the features that contribute 
CO a functional writing environment. Tha students' interest in editing es 
others work and the increase in the quality of writing doing cooperatively at 
the computer highlight peer review and collaborative writing as important 
dimensions of the learning environment described. 



^P^ter Tools, Teach er Knowledge , and Computer Expertise 

had prior experience teaching fourth grade students and had both 
training and experience in teaching writing as a process. Her classroom was 
organized in learning centers and in the year before this study, she had 
experimented with computer writing tools to help students learn how to write 
expository texts (Miller-Souviney 1985). She served as a valuable resource 
in developing strategies for integrating the computer into the writing 
curriculim in all the classrooms. As in many classrooms, the students in 
this class represented a heterogeneous mix of skill levels with the class 
average fjX grade level. 



ERIC 



The integration of the computer into the writing curriculum went very 
smoothly. The students in this class were able tD master the use of a new 
form cf technology for writing and do so while improving their wri*-lng and 
reading skills well beyond their grade level expectation. The use of student 
response groups for editing each others writing seemed to play an Important 
role in the development of writing skills. 

The evidence from this classroom indicates that a skilled language arts 
teacher with some prior computer experience can use the computer to create 
functional learning environments for students that are very effective in 
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teaching language arts skills. The standardized test scores provide strong 
evidence that the students in BMS's classroom made significant gains in the 
quality of their writing over the year. The gain, on the average, of 3 grade 
levels in language mechanics and 2 grade levels in language expression are 
very clear. These findings were particularly noteworthy as gains in writing 
often do not show up in standardized testing. We know from past research that 
editing in context is more effective than completing grammar exercises to 
increase students' skill in writing. This classroom provides the unusual 
situation in which traditional grammar exercises were replaced by having 
students serve as editors of each others work. It may be that editing the 
worl^ of others is even more effective than feedback on one's own wricing. 

I conclude by returning to the question that I asked at the beginning 
of this chapter: Does a computer improve students' writing? While it is 
difficult to say how much of the Improvement, if any, can be attributed to 
the computer alone, the results of our research suggest that the funccional 
writing environments that we created using computers effected the length and 
quality of students' writing. 



CHAPTER 7: 



COMPUTER ACTIVITIES IN A BILINGUAL SETTING 



Luis C« Moll and Ann-^rle Newcombe. 



Introduction 



The purpose of these introductory remarks is to specify the research 
approach used to study the introduction of a computer into a bilingual 
classroom^ In particular, we want to make our assumptions explicit, 
discuss how our approach is related to our previous research in bilingual 
classrooms y and preview key issues* We will then describe in detail the 
bilingual classroom and present examples of the introduction, use and 
development of the computer and its relation to teaching practices. 

The most obvious characteristic of BL^s students concerns language 
background; of the 30 students in the class, 10 w^re limited English proficient 
students (LEP) receiving bilingual instruction* Besides the bilingual chat<tcter 
of the classroom, there were other important factors for understanding the 
impact of a computer in the classroom* Most notably, all of the children, 
regardless of language background, were classified as poor readers* More than 
the other classrooms included in the study, this class revealed the special 
issues confronting poor readers and their teachers when computers are 
introduced into a classroom* As third graders, these children were also the 
youngest students in our sample* Thus, not only were many of the children LEP, 
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but they were poor readers and young, a combination of facto'-s important to 
consider in analyzing the results of this study. 

Furthermore, BL was one of two teachers who started the project as a 
computer novice. Thus, this classroom represented the type of classroom that 
the introduction of the technology is supposed to assist, one that contains 
"hard to teach" children who are taught by a teacher with limited computer 
knowledge • 

The characteristics of this class a'*'^wed us to address three 
important issues regarding the use of combat ers in classrooms: (1) What does a 
computer -novice teacher go through when trying to use a computer in the 
classroom? (2) What problems do poor readers encounter in using computers? 
(3) How can computers be used with limited English-speaking children? 

We tried to implement the same computer activities across classrooms in 
this project, in order to examine how the activities changed or were modified 
depending on the specific teaching-learning circumstances found in each 
classroom setting. In a real sense, therefore, each classroom formed a point 
of comparison for the others. The bilingual classroom experience reported in 
this chapter should be viewed in the light of the overall set of comparisons. 

Assumptions Underlying Our Approach With Young LEP Students 

Previous chapters describe our general approach to the use of computers in 
classrooms, mis approach emphasizes (1) using computers as tools to 
accomplish well specified educational goals, (2) embedding computer activities 
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in functional educational environments and (3) providing varying degrees of 
social support for novices, both teachers and students, in using the machiries. 
We assert that there is no single prescription for effective computer use in 
classrooms. Furthermore, the search for a single program is not desirable. 
Instead, v-e propose general principles for the use of this new technology. The 
specific application of these general principles will differ depending on 
instructional circumstances. Consequently, there is no single bilingual 
approach to the use of computers; each program needs to be developed in the 
context of a given instructional setting and its goals. 

In addition to our general approach, a set of specific assumptions 
underlie our work with LEP students, which influenced how we worked with the 
teacher as she used a computer in her classroom. 

Emphasize Academic Development . In previous work (Moll and Diaz, 1984) 
we have doctmented the common practice of reducing the intellectual demands 
of the curriculum to match the children's limited English proficiency. This 
practice acts on the assumption that LEP children have no skills or are unable 
to profit from instruction until they became proficient in English. A similar 
situation has developed in the use of computers in education: affluent students 
are exposed to programming and problem-solving; poor students, especially 
language minority students, are relegated to drill and practice (CSOS, 1983; 
Boruta et al, 1983). 

Our approach jeeks to overcome this stratification by implementing similar 
goals and activites regardless of English language proficiency. Therefore, 
finding ways to organize the social environment to ensure the children's 
participation in advanced computer activites was an overreaching goax of this 
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project. We wanted children in all project classrooms to engage in comparable 
computer activities. Consequently, it was not a matter of using computers, for 
e for writing and for bilingual education, or problem solving and 

for bilingual education, but a matter of using computers to organize academic 
activities to achieve the same high academic goals in different teaching- 
learning environments, including a bilingual setting. Therefore we address the 
usft of the computer to teach oral language development in English only in so 
far as that topic reletes to the attainment of broader academic goals. We also 
address the development of bilingxial software as a means of facilitating 
participation in advanced computer activities, not as an isolated technical 
Issue . 

Capitalize on the Children'^s Skills . We also wanted to develop computer 
activities that made biligual skills an asset, or at the very lea^n, took 
advantage of the children's oral langugage and literacy skills in Spanish. We 
viewed the introduction of the computer as a broader pedagogical issue 
regarding effective bilingual instruction, not as an isolated technical issue 
regarding the teaching of skills to use a computer or teaching students to 
become computer ** liter ate.** 

Capitalize on the Teac herd's Skills . We realize that an attraction of 
drill and practice is that it can be done without much teacher involvement. Our 
approach require? more active and direct involvement from teachers. This need 
for involvement posed a dilemma. Given that the bilingual teacher was a 
computer novice, we needed to organize activities that helped the teacher to 
use the computer in sophisticated ways while she developed expertise in the use 
of the machine. In order to counter the tendency to reduce the level of 
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computer activit.es to match the children's low academic level and the 
teacher^'s lack of computer knowledge, we tried to design a system of support 
for the teacher ''s use of the computer in the classroom « 



Computers are the rage in education. But nothing seems to intimidate 
teachers more than the idea of using the machines in their classrooms when 
they are not facile in their use. It is only a slight exaggeration to claim 
that this was BL^'s situation at the beginning of the project. Much to her 
credit she persevered, even after some initial discouragement, to implement 
computer activities systematically and successfuly, gaining competence and 
confidence as the year progressed. In the following section we describe the 
Introduction of a computer into her class. 

The First Phase ; Getting Started 

In a real sense, the first three months of the school year were "on the 
job training** for the teacher. Her knowledge about how to use computers was 
minimal and she was not sure just what to expect from either the machines or 
the researchers in her classroom. But as we will discuss later, the 
uncertainty of this first phase allowed her to experiment with different 
activities and approaches, and to discover how much she could do as well as 
the constraints that she faced. 



There are several issues related to "getting started." most were quite 
pragmatic. In particular, as she assumed responsibility for teaching with a 



Implemcnuing Computer Activities 



computer, she wanted to make sure that she did not neglect her other teaching 
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duties, which were considerable, and that the LEP children did not fall 
behind the rest of the class. 

Organizing Computer Use in the Classroom* The first concern was 
finding a way to structure conputer use in her classroom. This concern was 
reflected in the care with which the computer routine was organized (see 
Chapter 2). In brief, a computer corner was established and a schedule 
posted on an accompany:rng chart specifying which children were supposed to be 
workir^ on the computer, on what day, and for how long. Software set aside 
specifically for children using the computer during math, reading or homeroom 
time. Morday mornings were established as the time to provide instructions 
about now assignments or to introduce new software. Assignments were 
monitored by the teacher in order to assess the children's progress or 
problems. Discussions were held with colleagues in the project on how to 
improve the presentation of materials. 

This routine worked well. The children learned it rapidly and adhered 
to the schedule readily and consistenly. By the second week most of the 
children were following the "computer schedule" without teacher supervision. 

One consistent and important finding is that the computer activities 
retained their motivational qualities throughout the year. Rarely did a child 
resist working on the machine. During those times that the schedule had to be 
modified temporarily, abbreviated school days, for example, the teacher 
needed to reassure the children that she would rearrange the schedule so that 
everyone had equal access. That computers initially excite and motivate 
children may seem evident, particularly given the popularity of computer 
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arcades, but considering the repetitiveness of most curricula and the negative 
(dull) conditions usually associated with classroom work, it is impressive 
that the computer activities were able to elicit enthusiastic participation 
from the students all year, regardless of the changing nature of the 
software. It may well be the computers" arcade and game history that make 
them such a powerful **lure** in the classroom, even with children that have 
little or no previous experience. During the first two *.c three weeks, small 
groups left their desks to •*hang out** around the computer watching others 
work, sometimes making comments to the users or among themselves. Such 
behavior is reminiscent of what youngsters do at computer arcades, especially 
vhen they want to learn a new game (or when they are broke!). 

The computer-using routine in this classroom was also characterized by 
flexibility and diversity. Instead of providing only one way of introducing 
the students to computers (e.g., programming or keyboard practice), the 
teacher made available "multiple entry points** to computer use (Levin & 
Souviney, 1983; LCHC, 1982). About 10 software programs were used during the 
initial six weeks (see Chapter 2). In some cases software was changed or its 
use postponed because it proved too difficult for the children. However, in 
general, children who were unable or unwilling to engage in a particular task 
were offered alternatives. That is, students werp ^-yt excluded or relegated 
to lower-level work when they had difficulties with a particular program. 
Instead the software was replaced or modified, or social assistance was 
increased. A rapid means to create multiple and varied environments for 
learning Is one of the advantages of an interactive computer system that 
provides dynamic support to teachers and students alike. 

During the initial weeks the teacher also tried several ways of relating 
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the computer activities to other curricular tasks. For example, the children 
were asked to write brief essays that were then transferred to the computer* 
In such cases, the paper-pencil writing activity functioned as preparation 
for writing with the machine, and the machine became a context in which 
students' writing with pencil was expanded or revised. Another example comes 
from an English lesson with the LEP students in which the teacher asked the 
children to make sentences using computer terms. 

Cle'^rly, the introduction of the computer into the classroom created 
additional work for the teacher . Not only was more preparation required, 
but she had to pack more activities 5 'no an already crowded curriculum and 
deal with the extra interruptions from children seeking help. Most of the 
children'^s problems during the first phase involved computer or program 
operations — mistakes or problems in making the machine or program work. 
Throughout the initial phase the children relied on the teacher as the 
primary source of support and Information. This reliance is not surprising, 
given that the class was teachers-centered to a great extent. This state of 
affairs underlines two Important considerations in computer use: L) 
computers do not stand alone; 2) regardless of the presence of the machine, 
the teacher must still teach. Teachers must organize activities involving 
the computer just as they must organize activities for reading, math or 
science. They must schedule work routines at the computer just as they must 
plan reading group rotations or excursions to the library. There is no doubt 
that the act of introducing a computer into a classroom is a lot of work. 
Much of this work is very frustrating as something always seems to go wrong: 
a program does not run, the screen goes blank, the kids do not understand the 
directions, they forget to save what they have written on disks, etc. 
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As research into classroom computer use continues, it will be important 
f-o determine whether the introduction of a computer causes special and 
particular problems, or whether the problems are similar to those associated 
with the introduction of any new curricular activity. Initially, all these 
problems disrupt the flow of the classroom routine. Consider some common 
examples we observed. 



'*John asks BL if it is time to go on the computer. 
He is scheduled wic:h Aaron (who is absent) at this time. 
BL chooses Christian to be Johns's partner. 
They read outloud the instructions on the monitor. 
Christian is a slow reader. John is a better reader. They 
seem confused. Christian says, 'I gotta go get Ms. L.' He 
raises his hand. BL acknowledges and says she'll be there in 
a moment. Christian is still raising his hand. He stands up. 
BL comes over. She starts them over by pushing CTRL-Reset and 
tells them to type in PR#6 and leaves. The boys type in PR#6 
and get a syntax error. Christian again wants to get BL. She 
is busy and doesn'^t see his raised hand. John is quiet until 
he says 'Press CTRL^set'; Christian: 'How do you know?'; 
John: 'I know^; Christian: 'No you don't. Ask Ms. L.; 
John: ^You ask her.^ Christian stands again and BL comes over, 
retypes PR#6 and leaves again.** 

Most of the children, as in the example, go get the teacher as soon as they 

encounter difficulties. Practically all children we observed during 

the first phase sought help from BL every time they used the computer (see 

Chapter 6 for details). 



To avoid being interrupted so often, the teacher posted instructions 
near the computer or wrote them on the section of the blackboard nearest the 
machine. We found only a few examples of written instructions being used 
effectively by the students to help themselves proceed with the computer 
ac*"' ity. The issue of reliance on social instead of print resources is a 
general pattern in all classrooms. The pattern may have been exacerbated by 
the children's low reading levels, an issue that we examine next. 
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Bilingual Support In Interactin g with Software , Perhaps the most 
pressing problem In this particular classroom was the children's low level of 
reading. Software programs, even the simpler ones, require children to read, 
either to follow Intructlons or as part of the activity. We observed many of 
the children unwilling to read the text on the screen. A well documented 
consequence of being a poor reader is that one avoids text (cf . Hood, Cole 
and McDermott, 1980; Kozol, 1980; Rueda and Mehan, 1985). 

Duriug the ''start up** phase, most of the software programs were in 
English only. Thus the I£P children found themselves at an additional 
disadvantage. As mentioned earlier, providing all of the children with a 
comparable curriculum regardless of their English language fluency was one of 
BL's priorities. The teacher provided instructions in Spanish and translated 
key terms to facilitate the I£P children's participation in the same 
activities as the rest of the class. Below are three examples of how this 
help was given: 



The game is cabled Shark, the children select the coordinates to fire a 
harpoon at a Shark; if the harpoon misses the computer provides feedback to 
help the children adjust the aim. Pat and Monica, two LEP girls are playing 
the game with the help of the teacher. The teacher first goes through the 
-booting up- motions, asking the girls questions in Spanish to ascertain 
whether they understand the procedures (Que es lo prlmero que tienen que 
hacer?; Corao vamos a saber si la pantalla esta prendida?). The girls either 
answer or do the action required. 

The program is booted and the first question appears on the screen (What 
is the name of your school?). BL translates the question into Spanish and 
tells the girls to each type on letter at a time. The girls type in the name 
of the school and BL asks them what they should do next after they finish. 
Monica points to the shift key and BL says no. Monica then points to the 
Return key and BL says yes. As the game continues BL translates the 
instructions into Spanish to assist the children. 

With the teacher's help Monica finally gets a hit. Her partner, Patty, 
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takes her turn and she gets a hit on two tries* As the girls seem to get the 
idea, BL continues to provide Spanish instructions, but little by little she 
introduces Engish. The teacher's goal in providing support was to help the 
gir] s participate in and understand the game, so that they could play without 
her constant supervision. Because the teacher could not possibly take the 
time to help all of the IZP children every time they used the computer, the 
observers, who were all bilingual, agreed to provide similar help as needed 
in engaging the children in the task. In the next example the observer 
assists the children with Speed Read, a game all of the children found 
difficult because of the rapidity with which words were displayed on the 
screen. 



AM (the observer) helps the children get started by providing a Spanish 
translation of English instructions, similar to the example above. As she 
reported in her field notes: 



** Again the words flash on too fast, even at slow 
speed. The words that flash are in Spanish (they have 
been traslated but the instructions remained in English), 
but Alberto did not realize this. I think this is because 
all of the instructions were in English and I translated, and 
then when the words ilashed on it was so quick that he didn't 
notice it had switched to Spanish. In fact, at first he didn't 
believe me when I told him they were in Spanish. Because the 
words were flashing fast, the boys would look at me to see what 
to do. What I did was say the word aloud and then see if they 
could type it In within the amount of time given. About 75 
percentof the time they were able to type the Wiird in within the 
amount of time given, if I told them the word. This does not 
mean they always spelled itcorrectly. The other 25 percent 
of the time, time ran out and the computer would count it as 
wrong. The boys wanted to try again so we went through it once 
more. It was the same list of words. This time I had them watch 
the screen closely and see if they could do it on their own, 
but it wasn't very successful. They would be able to see and 
be able to see and read the first few letters and then the 
word would flash off 



In this instance the Spanish translation helped the children get 
started, but the game proved too difficult. However, notice that the 
children were able to write the words most of the time if they were said 
aloud by the observer, showing that the difficulty was in decoding rapidly, 
a common problem with youns readers. In the following example note that 
the Engli.ih monolingtials have the same problem. 
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"Christian and John are doing Speed Read. After 
some help from AM in getting the program started, John 
reads the instructions on the scrciu. Words then flash 
on the screen very fast and he is supposed to spell it 
but only has a certain time to do it in. The boys take 
turns, one word at a time, and try to spell it... The 
boys are not getting any right. (They decide to try 
another program.) ...there is a lot of text (on the 
screen)... John reads one screen full. I read the other 
two screens of text. . .Christian is Impatient and wants 
quit and skip the instructions and go on to the next 
screen before we were finished." 

The comparison shows that it is not solely the LEP children's lack 
of oral language skills that makes working with the computer difficult; the 
English monolingual speakers had similar problems. What both groups have in 
common is that they are poor readers and interacting with computers 
independently requires good reading skills. One way to alleviate this 
problem would be to not allow children to do any computer work un'-il they 
became proficient readers. But this practice reduces access to the machines 
and denies potential benefits to the very children one hopes computers will 
help. A second way would be to select software tnat minimized the 
requirement to read. But that alternative eliminates the most interesting 
and potentially useful software. 

The teacher's alternative was to compensate for the children's lack of 
reading skills in ways that allowed them to interact with computer programs. 
The teacher provided verbal and reading help to the children as they worked 
on the computer. This alternative incorporated the principle of dynamic 
support which has been discussed throughout this report. In this particular 
Instance, the assunption was made that with this help and the progress in 
reading expected from regular reading lessons, the children would be able to 
hold their own in a few weeks. Indeed, during the final three weeks of the 
first phase we started noticing that some of the children were beginning to 
proceed with less help, as the following examples illustrate: 
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"Adrian ard Alberto sit down and ask me what to do. 
I speak to them basically in English and switch to Spanish 
to clarify an instruction. ...The text was coming out (on 
the screen) in English, not in Spanish. At first, when 
they complained about being in English, I told them they 
could still do it, since usually the introduction to these 
programs are not translated... We tried 'Starwars' (from 
Storyland) ...but the prompt lines were in English and they 
were discouraged by that. I forced them to read it and 
then I would translate. 

They push the last choice and must continue the 
story themselves. They don't understand what they are 
supposed to do. I explain in Spanish that they are to 
write on the computer and finish the story themselves. 
I read to them what they've written so far and tell them 
to continue... They proceed by taking turns in selecting 
the sentences to make the paragraph. 

When it was time to stop they are unsure how to proceed, so AM had them 

read the prompt line. The prompt lines were in English which intially made 

them complain and not try, but AM had them read the prompt and translated 

what they did not understand. In this manner, they got through ending, 

writing and saving the text. The children were not interested in reading the 

first paragraph they did, which was based on their selections, but wanted to 

read the second paragraph which they composed on line. The next week they 

manage to apend more time composing. 



Adrian asked AM what he and Alberto are supposed to do. She points out 
the disk and Adrian complains that it is in English and that they want it in 
Spanish. AM tells them that the disk is also in Spanish, so they put it in 
and the prograr' starts. The intructlons are In English so the children turn 
to AM to find out what to do next- She tells them to read it and as they 
read she elaborates on each point. Adrian chooses to write about news and 
they start to write. Alberto says something referring to Adrian getting into 
trouble. Adrian tells him to go ahead and write about that, and they both 
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look at AM for confirmatico that it is okay. The boys start discussing 
partisular words and what to write and for the next 10 minutes they help each 
other write. AM tells them that their tite is up, but Adrian does not want to 
stop. With AM prompting they get through the procedures for leaving the 
program, naming the text, switching disks, saving the text, and turning off 
the computer. 

Thus, we have indications that these children, among others, began to 
function independently, at least to enter text. However, they still needed 
help leaving the program and saving what they wrote. 



Sumnary . The first three months of the school year Involved 
implementing a schedule for computer use in which everyone in the class had 
equal access to the machine and in which all of the children, regardless of 
English language fluency, would engage in comparable tasks. What is most 
clear from our observations is that introducing a computer into a classroom 
requires extra effort from the teacher, especially if the children are poor 
readers. It is simply not the case that all the teacher needs is good 
software and a sequence of activites and the machine does the rest. The use 
of the computer is always mediated by classroom social processes, most of 
which are controlled by the teacher's previous procedures for organizing 
instruction and constraints imposed on the classroom from outside. 

Instead of organizing a fixed activity schedule for the children using a 
predetermined sequence of tasirs, the teacher presented the students with a 
variety of software programs and tried to relate the computer activities to 
other aspects of the curriculum. Progress was slow. It took the children 
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several attempts to learn computer operations and program procedures. 
Although mastering operations and procedures was particularly difficult for 
the LEP children, the teacher did not relegate them to less demanding computer 
activities that would match their low level of oral and reading proficiency. 
Instead, the teacher sought to provide the social resources necessary to 
permit these children to engage in the tasks the rest of tue class was doing. 
This strategy proved to be laborious, but effective. By the end of December, 
there were indications that the children, including the LEP students, were 
overcoming difficulties ^iith procedural matters and participating in computer 
activities profitably. 

The Second Phase: Developing Expertise 

During the Christmas break, we evaluattu our experiences from our first 
three months of observations. One thing was clear: we did not have any 
spectacular results of children performing wonders with computers. However, 
scrutiny of our notes and videotapes revealed changes in the children's 
computer work, changes rhich served to establish uew conditions for computer 
use during the remainder of the year. After discussion with the researchers 
and the other teachers on the project, the teacher decided to have the 
children concentrate on a single software program for a prolonged period of 
time. In particular the teacher was interested in implementing the Computer 
Chronicles (CC) with the entire class. We hoped that by constraining the 
number of computer activites we would help ease the burden on the teacher, 
allow her to learn new software programs and provide the children more time 
on task with the same software. We also obtained a printer to use in the 
class, an addition that proved to be most useful because it provided the 
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children with tangible results of their work on the computer. 

The teacher was also interested in developing her own software, tailored 
to the LEP children, to supplement their work on Computer Chronicles. During 
the second phase she learned how to program interactive texts and developed 
Storjland stories in Spanish. This innovation proved successful in providing 
the LEP stut mts with yet another entry point into computer activities that 
had an English-language equivalent they would eventually use. It also 
provided the teacher with more control over the functioning of the machine. In 
a sense it allowed her to understand and participate in the computer 
activities at a different level. Instead of being only a consumer of what 
others gave her, she became a producer of activities. Our initial observations 
in January gave us the impression that the children (see Chapter 5 for more 
details) were indeed much more familiar with the procedures and spending more 
time on the content of the programs. This was certainly true of some of the 
children, although we also observed many problems. The following is a typical 
example of the children working competently with a minimum of help: 



"BL called Nicola and Julie to the computer. She asked them to 
work with 'The Adventures of Horus,' a user controlled program in 
which the students can either select from available sentence 
fragments to complete a sentence or write their own story. The girls 
look for the disk and finally find It. 

They turn on the CHJ. Nicola types in first "Nicola and' Julie 
then types in her name 'Julie,' Nicola hits Return. N: 'You do this 
next one J: 'Ok, what do we do?' 

Horus starts. The first turn is to type in the name of an 
animal. Nicola types a name in despite it being "the next one" which 
Julie was supposed to do. Julie does not seem to mind. Nicola is 
typing in all the commands... The girls discuss what color to enter 
on the next turn. The third choice is ok with both of them. Nicola 
goes to type it in and then says "No, you do it" to Julie. J:"ok" 
and typ«s in the color. Nicola hits ctrl-C. Nicola is seated at the 
'keyboard seat.' Next turn, the girls must enter a wish — Horus' 
wish. J: "I wish I could have a dog." N: "um...or a cat" Js "Yeah, 
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I wish I could have a cat." Julxe starts typing in the sentence. 
The girls saem to be taking turns, one word at a time, for the first 
three words. Then, Nicola finds a mistake on the third word, she 
erases "the whole word" and retypes it. She finishes the sentence. 

Nicola had gotten up and now comes back with two reading books. 
She uses the title of the top book, Superfudge, to use and enter as 
a type of book. . . 

N: "You do this. I've been doing most of this". When Julie 
moves over to type, Nicola moves her hands away and takes over. 

The girls needed help with "cooking utensil." They didn't know 
what that was exactly... They need help with an adjective for the 
story... Nicola and Julie finish the story on the computer and are 
now reading their text on the screen. They saved it on their own." 

Although the girls were able to use the program with little difficulty, 
they obtained strategic help from three different sources available in theit 
immediate environmenu. One was the software program itself, which provided 
them with the option of selecting pre-written sentences or the opportunity to 
compose their own. This closing feature provided a clear structure for the 
students to place .tieir sentences that served to guide their writing, and a 
goal related to that structure. A second source of help was each other. They 
collaborated, for example, in typing, making selections, and composing. A 
third source of help was the observer. They turned to the observer for 
..38istance, clarify xi.s procedures, defining words, and so on. As the 
children's performance Improved they sought help from sources other than the 
teacher. That is, the source of support shifted from reliance on the teacher 
to other places in the environment. 

This shift in ways of working with the computer was also evident with the 
LEP students. In the following example the children were working on a Spanish 
version of Storyland that BL developed specifically for her class. 

"As they start Patty reads the text outloud while Monica 
whispers along with her. They choose 'creando oraciones simples' 
(creating simple sentences). 
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Monica tells Patty which number to select, and then Patty 
types it in and hits return. This division of labor was designated 
by Patty and agreed by Monica. Monica now has taken over reading 
what is on the screen outloud. They read through most of the 
selections before deciding. Sometimes Patty would not agree with 
Monica's choice, so she would suggest some other one and wait for 
Monica to agree... BL announces ''S more minutes 

Patty is now reading and telling Monica what # to select, and 
Mbn: :a types it in and hits return... The girls are now on their 
fourth sentence. Patty calls me to see because they wrote a funny 
sentence... -el lobo escapo dentro de la television y tiro al maestro 
a la calle.- They do one more. 

Nicola & Julie come over, it is their turn now. Patty & Monica 
turn off the monitor and take out the disk.** 

As in the previous example, the students re4.ied on each other to complete 
the task, shifting the division of labor as needed. However, in our 
observations of the same children a week later, knowing computer operations 
did not guarantee that the children would interact with the content 
usefully. 



-The girls are typing in their names. Monica tells Patty to 
write her last name too (Patty is writing her name in first) and 
then Patty writes her name a the blackboard to check her spelling 
on the computer. Monica types in her whole name too. 

The girls get to the first set of selections in Storyland. 
Patty is on the keyboard. She turns to Monica 'poncho peludo, 
nuaber three,' M: 'No peludo' She looks at the screen and Patty just 
pushes the number. Patty Just wants to push 'lo que sea.' 
(whatever). Patty is doing the typing and the hitting of Return. 
She reads out loud a little, then seems to get tired or bored 
because she verbalizes, in English, the same selection for three 
turns after that; she just picks a number/selection without reading 
the choices. Monica, on the other hand, likes and seems to want to 
read the choices available but Patty is too fast and passes on to 
the next set. 

The girls start on a second paragraph. M: "yo le poncho los 
nuneros y tu el Return' (I hit the numbers and you Return), 
negotiating about turn taking. P: 'Tu punciias el Return y yo el que 
quiera- (I hit Return and I hit whatever I want.). Monica accepts 
this. The girls continuue. Patty still choosing numbers without 
reading the text. She begins to humm, quite loudly, Ruaolph the Red 
Nosed Reindeer. The girls firis. the paragraph. The computer is 
prompting them to answer Yes or No if they want to continue. They 
ask me to choose for them. I say No (because of time). They start 
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the saving procedures. They switch disks when I tell them to* I 
read the prompt lines in English. They seem to understand. They 
want to see what they wrote and it is put up on the screen. They 
read it aloud together. 

The computer prompts asking if they want to print their text. I 
explain the printer and what "to print" is. We go through to get 
two copies.** 



The same inconsistent performance was also evident with the English 
monolingual children: 



-Mandy says to the me (the observer) that she (Mandy) does not 
kiiow what they are supposed to do. I point to the blackboard where 
BL had written the assignment. She looks and gets a puzzled look. 
AM: 'What does it say?' M:'N»Tnber one Computer Chronicles.' AM: 'And 
after that?' She reads the rest of the assignment but does not seem 
to understand yet what to do... 

(The observer explains what to do and the girls start the disk; 
they decide to write about a TV program.) Mandy reads aloud what is 
on the screen. R: 'Do you know one?' M: 'Webster '...Ruth suggests 
to write that the program is good. M. 'Are we just going to say 
it's funny?^ AM: Tou write aa much as you want. '...Mandy turn back 
to the computer and screen. Ruth hits CTRL-C after that one 
sentence. Mandy complains taht they wanted to write more. I tell 
them to push CTRL-C when all done. M: 'We'll have to start all over 
again!' 

The girls enter one sentence of their review. It is a little 
longer ^ that ^ the other one. (Ruth hits CTRL-C.) M: 'You did it 
again!' R: 'I did not.' Mandy hits CTRL-Reset and says 'we have to 
do it all again!' after only one sentence." 

The two girls proceed in a similar way for the rest of their 
time, completing barely one sentence in their allotted time. 

A few days later, just when it seems that these girls will never get 

anything done» they are much more coordinated and on task. 

"Ruth and Mandy start. They take turns writing out the date. 
They ask me what section they are to do. I point to the board where 
the assignment is written up. The girls arrive (on the computer) to 
where they enter their story. They are going to enter Ruth's 
story. Ruth begins typing. Mandy corrects a mispelled word. M: 
'This is my turn,' and she types in a word. R: 'I do the next.' 
They are dividing up the task word by word. After the first 
sentence , Mandy tries to hit CTRL-C; Ruth and I stop her. AM: 
'When do you hit CTRL-C?' M: 'When you are done.' AM: 'When you are 
all done, otherwise the computer thinks you are all done, finished 
with your story.' M: 'We have to make sure this makes sense.'... 
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M: 'What is next?" R: 'my friend... you write my," Mandy types 
it in and Ruth does the next word...M: 'We never start a sentence 
with and. Never!' She backs the cursor and erases 'and.'... Ruth 
suggests, 'Me and her.' Mandy responds that 'Me and her doesn't make 
sense. Me and Danielle does.' They decide that is what they will 
type.- 

The girls continue to discuss the content of what they are writing as 
they compose and check for mistakes. They also comment that they are writing 
much more now than the last time. Throughout this process the observer 
provides strategic help by making sure the girls don't get bogged down on the 
lower order computer operations, such as when to push CTRL-C, that may 
distract them from the purpose of the activity which is writing a narrative. 



A striking example of how much this "lower-order- help can ease 
constraints that may limit what the chidren can in fact produce is provided 
next: 



"Patty is on the computer. Her partner Monica Is absent. BL 
asks me to be with Patty. I go and ask her If she knows what she 
is to do. She says no but then asks If she Is to get her story 
(for CC); I tell her yes. She has written on both sides of the 
paper on her Perfect Friend. She boots up and we get to where she 
is to begin writing. 

She starts typing in the stor>, following word by word. She is 
real slow but seems to know where most of the letters are on the 
keyboard. I ask her if she wants me to type and she tells me wliat 
to put in. She agrees because 'it will go faster, verdad?' She 
dictates to me until she finishes what is written on the paper. 

I ask her if she wants ♦•o say or write more. She says yes. I 
ask her what and type it as she tells me. I start telling her she 
has to watch closely and make sure that I don't make any mistakes... 
She started beginning sentences with 'and' so I ask her if a 
sentence can begin with 'and.' She says yes; I explain that and is a 
continutation... I give her an example of how she can begin her next 
sentence without 'and.' She coatlnues dictating. I don't write a 
period unless she tells me, though sometimes I will prompt her and 
ask her if it is time for a period or not." 

Patty saves her text and they get three printouts of her story. Contrast 
what she wrote, for example, to what Gregg was able to do unassisted. 
Patty's draft Is over twice as long as Gregg's or any of the other examples we 
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accumulated* One consequence of eliciting this extended amount of text in a 
short period of time from a beginning writer is that it creates plenty of 
opportunlcles to teach other aspects of writing and grammar that may not 
become available when the amount of text produced is curtailed. Indeed, in the 
comments we cited above, the observer was able to teach writing as a result of 
providing the type of help (in this instance with typing) that removed 
constraints, even if temporarily, thus extending the writing. This extension, 
in turn, gives us a glimpse at what the student could really accomplish, 
providing a different view of the student's competence. 

In sum, the children were able to do some text editing on-line and they 
collaborated more readily to complete a joint product successfully during the 
second -pljase. These changes were as evident for the LEP as for the English- 
monolingual students, indicating that the t^iacher was being successful in 
helping both types of students perform similar tasks and at similar levels. 
Progress, however modest, was now becoming more evident. It continued into the 
last two months of the project, April and May, which we will now examine. 

The Third Phase 

For the last months of the project, the classroom computer activities 
required the children to compose text on the computer and to modify their 
drafts. What follows below are selected examples that trace the improvement 
of the children. These changes were not uniform; if anything they were 
characterized by uneveness. Children who seemed to be mastering the tasks gave 
the impression of not knowing what to do during the next session, and vice 
versa. The examples also show that chlldren^'s writing must be understood in 
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the context of the conditions that we create for them to learn. 



Writing in this phase included letters and stories for the Computer 
Chronicles. The procedures followed in producing text varied considerably 
depending on the students. The first sample presented below is by two US? 
girls, Francisca and Mercedes, using the Writer's Assistant text editor. ThjLs 
was the first time they had used a text editor and felt rather uneasy about 
what they were doing. They were entering text they had written previously with 
paper and pencil. They decided to take turns with one dictating what was on 
the copy and the other entering text. Rather than the continuous turn-taking 
which characterized their and other students' earlier collaborations (see 
Chapter A for details), they decided to exchange turns after a more prolonged 
period of time. This exchange was not without conflict and negotiations, as 
the following discussion illustrates. 



-Francisca starts dictating. Mercedes types. They have a 
paper and pencil copy. Francisca f ills Mercedes, 'let me write it 
now,' and she moves over into Mercedes' chair to be in front of the 
keyboard. Both now share one seat... Francisca does not know how to 
spell 'Alberca' (swinming pool); r^rcedes begins to spell it out and 
corrects Francisca ... She begins to erase the sentence and the 
previous one; I ask her what she is doing and she stops. Mercedes 
again dicUtes the sentence that F erased and then exclaims that it 
is her turn. The girls switch seats. After the first .sentence, 
Francisca says, 'ya es mi turn. Ya te toco un period.' ('It is my 
turn. You already wrote a period.') 'Mercedes responds, 'yo se, pero 
a ti te toco dos veces.' (I know, but you had two turns.') 

I ask the girls if this is the first week they use (the system? 
editor). Mercedes says yes; she also tells me that (two other girls) 
erased it all the other day because they were goofing around. The 
girls again switch seats • F says, 'Estamos escribiendo mucho, 
verdad?' ('We are writing a lot, right?') M keeps telling F to 
hurry. Francisca dictates but is not really paying attention to the 
screen in order to correct spelling, etc. For example, M types 
'plalla' (beach) for 'playa.' I noticed that F has it spelled 
correctly in her paper but she does not correct M. The girls finish 
entering text. Now what? they ask me. I point to the top of the 
screen and tell them what to do next. We save the text by me 
telling them what to do and by pointing to where on the screen (the 
directions) appear." 
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Several other children followed the procedure of typing in text they had 
produced previously with paper and pencil. In most cases, with the children 
on line, the observer provides help with the writing process. The next writing 
sample is by Holly. As she was getting ready to write, time ran out because 
her partner took so long in entering her own story. Consequently, Holly 
returned during her lunch hour to enter her story. 



-IXiring lunch break. Holly came in and asked BL if she could do 
her story now. BL says it is ok... I ask Holly if she wants me to 
type. She says yes because it will go faster... As Holly dictates, 
I ask questions to clarify the sentences. For example. Holly 
dictates, '...and then he punched him.' 'Who punched who?' I asked. 
HoUy^then clarifies her sentence, 'Super Bunny punched the man 
down!' We get ten lines and her story is finished . I tell her how 
she can save. She follows instructions fairly well and gets me a 



Rodolfo and Noe received similar help from the observer in writing a 
letter to their mothers. The observer took over the typing duties, leaving the 
children with the responsibility of composing the text collaboratively and in 
interaction with her. While the children were dictating the letter, the 
observer provided selective prompts to guide and clarify their writing. 

The final example provided is by Michelle working alone. The observer 
gave her some initial help with the procedures on how to enter text using the 
systems editor and the rest was done by the student. This time the observer 
did not provide assistance with composing and the student typed the text in 
herself. Notice the spacing between letter and the frequent periods. Also 
note that she uses the English 'miss' for the Spanish 'mis' (my). Mistakes 
and typos notwithstanding, this student composed on-line and wrote for 
coomunicatioa. In the process she produced sufficient text for the teacher to 
teach writing. 



printout." 
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One value of observing children over time is that we learn that 
development, of writing in this case, is not linear and neat, but 
discontinuous and messy. Through prolonged observations we are also able to 
gather evidence of change that is easily missed with single observations, 
especially when the children are "hard to teach." Equally important, in situ 
observations reveal what it is about the way instruction is organized to 
facUitate or constraine children's progress. The examples presented above 
between assisted and unassisted writing suggest that help with typing and help 
with the actual writing process facilitate sound writing. This is no 
surprise. However, a teacher rarely has an observer in his or her classroom 
who is willing to help the children with their writing. Some of this help can 
be built into the software program, but ttat help, we found out, was rarely 
sufficient, especially for beginners. 

This finding suggests that the teacher must use regular writing lessons 
to provide practice with the process of writing and grammar, while writing 
with the computer could become the central communication activity for the 
class. In an important sense, regular lessons must help create the conditions 
for the use of the computer. The lessons must function in lieu of an adult 
supervising the writing process on line. How to organize classroom lessons to 
provide the children with the social, linguistic, and intellectual support to 
take optimal advantage of what computers can offer is the greatest challenge 
facing ccmputer -novice teachers. 
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Conclusion 

We would summarize BL's experiences introducing a computer into 
her classroom in these terms: It was laborious and at times exasperating. The 
children's progress was slow, unveven and often hard to detect* The computer 
did retain the students' interest all year* Most children were eager to work 
with the machine and seemed to learn the necessary computer operations and do 
some writing* 



It is clear to us that the mere presence of this new technology in a 
classroom will not produce major changes in instruction* The equipment is 
CTbedded in an instructional system; It is the system and not the machine 
that is responsible for change or maintenance of the status quo* 
Computers are no solution to difficult instructional problems and do not 
replace teachers* Given the current state of software distribution, LEP 
students may only be exposed to drill and practice activities* In addition 
to providing differential access to important educational resources along 
ethnic lines, this practice will further discourage the development of basic 
educational skills* 



It is equally clear to us, however, th^t computers afford teachers a 
medium, a novel way, an opportunity, an excuse, if you will, to question the 
status quo* What is it about the ways we organize instruction that even the 
Introduction of these wonderful machines has no visibly important effect on 
classroom organization? 



BL's classroom, the characteristics of which we have described in 
previous chapters, presented formidable constraints to the effective" use 
of the machine* These constraints, most of them systemic, such as classroom 
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scheduling, curricular goals, books, and particular groupings of children, 
established the boundaries for action. They, at the risk of sounding too 
colloquial, define the nature of the game and much of how it can be played. 
BL'8 first responsibility was to implement the curriculun in good faith. But 
she also had to think of how, without neglecting her teaching duties, to 
introduce the computer in ways that could help the children. Her situation is 
typical of mojt teachers. And under such circumstances the computer easily 
becomes an ir cruder whose potential benefits are outweighed by the 
inconveniences they create. The strategy of choice then becomes, not by 
design but by necessity, to accomodate the machine to the prevailing 
constraints. This decision, although pragmatic in the short-run, is 
absolutely fatal, especially for language minority students. It assumes, 
uncritically, that the status quo is the appropriate context for computer 
use. Invevitably, existing curricular practices become the "model" for 
computer use. Why should we expect that the same practices that have produced 
widespread academic failure will create propitious environments for computer 
use? 



From our perspective, adapting computer use to prevailing educational 
practice (i.e., drill and practice for language minority students) has one 
immediate consequence: it reduces teaching with computers to computers 
teaching kids. The teacher then has no choice but to rely, indeed, trust the 
software. Little of what we have read, reviewed, or observed would suggest 
that such trust is well-placed. In fact, the consensus of the field seems to 
be that most educational software is less than helpful (Lesgold, L983). 
Additionally, if certain children have problems with the software assigned, 
one of the teacher's few options is to select simpler software, reduce the 
level of difficulty of the assignment, or, as is commonly done with reading 
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and math, break up the assignment into small, discrete steps that the 
children must master before proceeding. Another common option is to decide 
that certain children, for example, limited English-speaking students, are 
simnly not ready for computer work, at least not at the level of other, more 
advanced (English fluent) students. As mentioned in the introduction to this 
chapter, computer work in schools, despite the newness of the innovation, is 
already characterized by such stratifying practices. This fact should not 
surprise us, it reflects broader, long--standing curricular practices which 
are the norm in most schools. 

What can we offer besides warnings about reductionism and tracking? 
Fortunately, we do have many positive examples of computer use with a variety 
of children and situations* From our experience two key principles emerged 
and both highlight the Importance of th«» social context of computer use. 
One is the need to subordinate computer wovk to a higher order goal. We were 
particularly successful when coamiunication with other people was the goal 
of writing activities, that is, when the task being done had a real 
purpose that made sense to the students. Another is the coordination of 
resources around a common goal. We were impressed with the students' use of 
social support from a number of sources to accomplish their computer tasks; 
written support or help from a single source was rarely sufficient. 

All classrooms are social environments purposely organized to achieve 
social and intellectual goals. As such, classrooms are not "natural 
environments,- they are -artificial^ or socially created entities. Our 
findings indicate that specific classroom practices mediate the way that 
computers are used. They help define the naturs oi: computer activities. 
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This sounds obvious, but it is important, because it challenges the popular 
notion that computers are "general purpose" tools adaptable to a wide range 
of aassroom conditions. This adaptation notion is problematic, for reasons 
we emphasized earlier. If classrooms are social creations, then they can be 
socially re-created or re-constituted in fundamentally new ways. Therein 
lies the importance of computers in classrooms, not necessarily in providing 
new technological solutions, but in making visible how much our social 
arrangements constraint children's thinking; in providing new reasons to 
question the instructional conditions under which we ask children to learn. 



CHAPTER 8: 



TEACHING PROBLEM SOLVING STRATEGIES 

Marti turn Suden and Robert Rowe 

We wish to thank Steve Black, Nick Maroules, and Randall Souvlney 
for their comments on this chapter. 

Computer programming Is one of the most prevalent Instructional uses of 
microcomputers In schools (Becker, 1983; Boruta et al, 1983). Programming is 
often emphasized because It Is presimed to have a positive Influence on 
higher order thinking (Paper t, 1980) and because It contributes to "computer 
literacy- (Luehrman, 1980) .Uarnlng to program a computer Is said to develop 
conceptually clear thinking because programming requires precise expression, 
planning, rigorous thinking, and the manipulation of explicit statements in 
the generation and testing of hypotheses. Therefore, as students learn to 
program, they presumably learn about problem solving processes. Once students 
learn to solve computer programming problems, they presumably will be able to 
transfer their problem solving knowledge to other domains. 

The belief that learning to program a computer Imprc res problem solving 
is the most recent instantiation of the belief that rigorous disciplines such 
as logic, geometry or Latin "exercise the mind" and enhance higher order 
thinking (Pea and Kurland, 1984). It was this line of thinking that led to 
the development of the LOGO programming language as a mlcroworld or learning 
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environment for children. Papert (1980) claims that children who learn to 
explicitly teach the computer to do something learn more about their own 
thinking. 

IX)GO is a growing family of computer languages. The language is 
interpretive, which means it can be used interactively. This design feature 
provides early and easy entry routes into programming for beginners who have 
no prior mathematical knowledge. This ease of entry is facilitated by 
"Turtles,- concrete and manipulatable objects (cursors on a computer screen, 
robots on the floor) which carry out instructions in very visible ways. 
Characteristic features of the WGO family of languages include procedural 
definition with local variaMes that permit recursion. Thus, in LOGO, it is 
possible to define new coomands and functions which then can be used exactly 
like primitive ones. 

Papert accompanies his belief in computer programming as a learning 
environment in which children will enhance thinking powers and transfer their 
rigorous thinking from one domain to another with a philosophy of education. 
Central to this philosophy is his belief in self-guided "discovery learning." 
He maintains that students can learn to program without an explicit 
curriculum and without direct instruction from teachers. The LOGO programming 
language is so powerful that students are led to discoveries about its 
internal structure and become aware of their thinking without a specific 
sequence of curricular steps. In support of his claims, Papert and his 
colleagues (1979) provide examples of children "spontaneously" discovering 
the effect of varying nunerical inputs, breakins problems into parts, 
combining sub routines into procedures or superprocedures , which provide 
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support for the idea that students learn general problem solving skills by 
learning to program* 

The power of LOGO and the persuasiveness of Papert's claims have led 
researchers outside the MIT LOGO group to investigate more systematically 
whether learning to program promotes the development of problem solving 
skills and whether people are able to transfer their problem solving 
knowledge to other domains. Pea and Kurland (1984) compared the activities 
of several groups of students, some of whom had participated in LOGO 
programming courses, on tasks that required planning. One task required the 
students to organize the most efficient plan for completing a set of 
classroom chores, such as watering plants, putting away chairs, cleaning 
chalkboards. The second task included a microcomputer program that enabled 
students working with the experimenter to design and check their plans 
interactively and a graphics interface that enabled the students to see 
the plans enacted in a reelistic representation of the classroom. 

Pea and Kurland found that students who had one year of programming did 
not differ from same-age controls who had not learned to program on various 
developmental comparisons of the effectiveness of their plans or their 
processes of planning. Students who had learned to program neither used che 
cognitive skills alleged to be developed in LOC^ to organize a more efficient 
chore-completion routine, nor made better use of available feedback aids 
provided in the planning environment. They conclude that there does not seem 
to be any automatic improvement of planning skills from learning LOGO 
programming. 

They considered various explanations for their findings. After 

2'A2 



June 26, 1985 
231 



Computers In Classrooms 
Final Report NIE-<;-83-0027 



June 26, 1985 
232 



dismissing potential objections to the liiapproprlateness of their planning 
tasks, they considered LOGO itself. They report problems with the LOGO 
programming environment as a vehicle for learning. The LOGO "discovery 
learning" pedagogy is insufficient, they feel, for the development of 
generalizable planning skills. IMs is really a complaint against the 
"learning without curriculun" approach that Paper t advocates. From their 
perspective, learning how to plan is not intrinsically guaranteed by the LOGO 
programming environment. It must receive support from a structured context, 
including teachers (who, tacitly or explicitly, foster the development of 
planning skills), examples, models, student projects and direct instruction. 

Their findings are consistent with other studies examining transfer of 
cognitive skills from one domain to another. It is notoriously difficult for 
people to spontaneously recognize the connection between problem Isomorphs— 
problems of Identical logical structure but wi.th different surface forms— and 
to apply problem solving strategies learned in one context to another context 
(Wason and Johnson-Laird, 1972; Gick and Holyoak, 1980; LCHC, 1983; 
D'Andr.de, 1984). It is clear that the similarity of the training task and 
the target task is not, in and of itself, sufficient to induce spontaneous 
transfer. 

When transfer d^es occur, it seems to be when certain environmer 
conditions are in place. Ntming the problem solving situations, providing 
direct instruction and practice, labelling the strategies, explicitly stating 
the relationships between two problems are some verbal mechanisms that can 
Induce transfer (LCHC, 1983: 339). V^ile transfer can be induced by explicit 
verbal instruction, it can not be said that transfer is occurring 
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spontaneously. An overwhelming amount of our daily life is routine. Wa 
perform the same actions, in the same order, day after day. We have seen the 
same -problems" many times before. When we repeat the "solution" to these 
problems day after day, the connection between problem and solution becomes 
deeply ingrained. The problem of transfer is minimized, often dissolved 
entirely, when similar problems are repeated over and over (Lave, 1979). 

In sum, special circimstances sesm to be needed in order to I'ar.ilitate 
transfer: (1) intense ana systematic instruction on problem solving 
strategies, (2) the transfer situation needs to be so much like the learning 
situation that people do not even notice that they are transporting knowledge 
from one situation to another, (3) the similarity between the transfer and 
learning situation is marked, labelled or formulated. 

Arranging £ Classroom Environment for Teaching Problem Solving 

Rowe arranged the learning environment in his classroom so that these 
conditions favorable for transfer were present. He engaged in the direct 
instruction of problem solving through a curriculum dubbed "the Problem of 
the Week" (to be explained below). He gave hJs students systematic and 
repeated practice in the use of problem solving strategies. He arranged two 
problem solving environments that had many surface features in common, one 
within the regular classroom and one within the LOGO lab. He provided 
verbal labels and formulations of the problem solving apparatus for students" 
use. 



In this section, we describe (1) the approach to problem solving 
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that Rowe taught his students (2) the manifest and redundant cues he provided 
his students so that they would recognize the situation in which problem 
solving strategies were to be applied and (3) the teaching/ learning situation 
in the LOGO lab. 



The General Problem Solving Plan 



Rowe provided direct instruction in the approach to problem solving 
taken by Polya (1957), Souviney (1981), Charles and Uster (1982), among 
others, stressing a framework within which students can develop and use th: 
specific skills and strategies needed to solve problems efficiently. 

Polya (1957) specified a heuristic designed to pinpoint the learning 
process behind intuitions regarding problem solving. He proposed that 
certain kinds of problems can be attacked* by applying a sequence involving 
four steps: 



1. understanding the problem 

2. devising a plan by choosing a problem solving strategy 

3. carrying out the plan to find a solution to the problem 

4. testing and generalizing the problem solution 



In short, this approach identifies a 
and suggests that the guidelines can 
problems effectively. 



small set of standard guidelines 
be applied as strategies to solve 



Marking Problem Solving Time 
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In order to teach students problem solving strategies, Rowe established 
a classroom atmosphera where problem solving became a daily routine. 
Students were immersed into this environment by a number of procedures which 
the teacher instituted and employed or a regular basis. 

Establishing^ a regular time for problem solving. Rowe set aside a 
portion of each school day for problem solving. This time was called "The 
Problem of the Week." This period of the school day was explicitly marked, 
both in writing and verbally. The period of the day devoted to the "Problem 
of tae Week" was posted on the classroom schedule along with language arts, 
social studies and other curricular topics. Thus, stuaents were encouraged 
to see problem solving as a curricuiar topic equal to ocher subjects. The 
Problem of the Week vas fomulafced at the beginning of the instructional 
period. The posteu time was reinforced verbally: "OK kids, get ready for the 
problem • week", or "get ready for problem solving time." 

reminders . The verbal formulations of the problem solving 
routine were reinforced by information posted around the room. One bulletin 
board in particular was devoted to problem solving. Posted on it were the 
steps in the problem solving routine and suggestions about the strategies to 
be used when attempting to solve problems. The bulletin board served as a 
visual reminder of the problem solving strategies being taught. 

Explicating the Problem Solving Routine. The teacher presented 
problem solving lessons to the class as a whole, discussing the various skills 
one would use to solve the problem with the students. After a discussion of 
the problem solving activity, the students worked on the assignment alone or 
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together with other students* The students were allowed to move around the 
room when forming work groups* 

Teaching Problem Solving with LOGO 

In addition to teaching a 6th grade class, Robert Rowe was responsible 
for the school's computer lab which was in the roMX adjacent to his 
aassroom. When he took his sixth graders to the computer lab, he used LOGO 
as an environment in which students were to apply the problem solving 
strategies that they had learned in the classroom. This was a reversal of the 
relationship between programming and problem solving. Students are generally 
taught the LOGO programming language and are expected to develop problem 
solvizig skills from this experience that can be transfered to new 
environments. Rowe taught his students problem solving in the problem of the 
week curriculum, and used LOGO as the transfer environment. 

Rowe' 8 decision to use LOGO as a problem solving environment came from 
his dissatisfaction with the conventional way of teaching LOGO. He wanted 
to test a different approach. The conventional approach, as fjund in Paper t 
(1980) and Papert et al (1979), is additive or what Uvin (personal 
communication) calls -compositional.- Students are introduced to fundamental 
comaands, such as FORWARD, RIGHT, LEFT. As they master these simple 
commands, they are introduced to more complicated ones, e. g., REPEAT, EDIT 
MODE, VARIABLES, which they add to the elementary commands in a building block 
fashion. When a sufficient number of elementary commands have been mastered, 
students are able to construct geometric shapes such as boxes, triangles or 
houses. After the construction of geometric shapes has been mastered, 

; Er|c 
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students are moved on to more sophisticated matters, such as sub-routines and 
superprocedures, editing and debugging, -ontrol of continuous processes with 
loops, variables, conditions, stop routines, and recursion. 

The different approach that Rowe wanted to implement is holistic and 
t.hat Levin calls -decompositional." Instead of having students begin with 
small building blocks and compose a final product from the elements, the 
holistic approach presents students with a complete entity and asks them to 
explore, manipulate, analyze and modify it. 

In order to compare the compositional and decompositional approaches to 
LOGO, Rowe divided his class into two groups for instruction in the computer 
lab. Students were assigned to the groups primarily for pedagogical purposes 
which influenced random sampling. Students were split up according to 
schedules restricted by band, their prior LOGO/ computer experience, and any 
district classification. For example, if four students were classified as 
GATE, two each were randomly put into "Group A" (which was taught using the 
decompositional approach to LOGO) and two each were assigned to "Group B" 
(which was taught using the compositional approach to LOGO). If eight 
students were brand new to LOGO, four girls and four boys, then two girls and 
two boys were assigned to each of the two groups. 

Learning the Basics. After pretests (to be explained below) were 
administered, the students were divided into the compositional and 
decompositional groups (described above) for instruction in the compurer 
lab. Rowe then spent six weeks teaching the basics of computer literacy and 
LOGO programming. 
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Group A and Group B were taught the same material but at different times 
and with a different emphasis. Rowe presented the students with 
instruction in three sections: (1) basic information, (2) an activity co be 
modeled or recreated and (3) a self directed activity. The first section 
Introduced the students to basic LOGO commands — e.g., DRAW, FORWARD (FD), 
GOODBYE. The students were expected to familiarize themselves with these 
commands by attempting to use them. The second section presented an activity 
e. g., a drawing or commands plus a drawing which the students attempted to 
recreate. The third section challenged the students to attempt a more 
complex design drawn on a worksheet. 

The instruction surrounding the presentation of this information was 
similar except for a subtle emphasis on strategy. Group A (the 
"decompositional group") continued to receive explicit instructions 
emphasizing the problem solving strategies taught in the classroom to all 
students. When queried by students in Group A, the teacher suggested using 
the basic information (connands) as a strategy. The students were encouraged 
to take a given command and look for ways to apply it to the drawing or 
relate it to other commands in order to recreate the drawing in section two. 
The -compositional- group. Group B, was instru-ted according to the discovery 
learning approach recommended by Papert (1980). This group received 
suggestions to use the commands to build up a copy of the object they were 
presented. 

The students in Group B were encouraged to compose a drawing out of the 
essential building blocks while the Group A students were encouraged to 
identify the building blocks within the drawing and look for relationships 
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between the blocks before attempting to recreate the drawing. After students 
worked on worksheets to become familar with LOGO commands, they began 
working on projects. The presentation of each new project allowed the teacher 
to re-^phasize the teaCiilng technique for each group. 

Measuring Student Performance . 

Several assessments of the student'* problem solving abilities were made 
for the problem of the week domain and the LOGO domain. Pretests were 
administered in October and posttests were administered in June. 

Th£ Heath Test. We used six problems from the Heath Math Program to 
measure students' learning and transfer of problem solving strategies in the 
problem of the week domain. The problems and the type of strategy they 
tested are: 

(1) "The Line Up** is a permutation problem 

(2) ^Tangle of Triangles" is a visualization problem 

(3) "A Eaft of Rectangles" is a combinations problem 
(A) -The Staircase Case" is a math operations problem 

(5) "A Balancing Act" is a process problem 

(6) "Don't Fence Me In" is a math operations problem 

The LOGO domain was assessed by two te^ts: one specifically calling 
upon IDGO knowledge, the "LOGO Knowledge Test", and the other requiring the 
student to demonstrate and use more general mathematical knowledge (the 
Brookline Test) . 

The I/)GO Knowledge Test consisted of six problems designed by the 
classroom teacher to test the students' knowledge of LOGO and its 
environment. Problems one and two required visualization and translation 
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between a given shape and the commands to produce it and vice versa. 
Problems three, four and five required visualization of spatial 
relationships* Problem six required remembering specific LOGO commands. 

The Brookline Test (Paper t et al., 1979) measured students^ understanding 
of background math knowledge assuned to be necessary for programming in 
LOGO. The test consisted of four problems. Problems one and two were 
visualization problems requiring estimations of line length and angle size. 
The third problem required translating directional moves into math 
operations. The fourth problem involved planning how to get from one point 
to another - a process problen. Thus, three of the five problem solving 
categories are represented in this test. 



^o^^^ Solving Notebooks . Students recorded their problem solving 
work in notebooks. As might be expected from thirty six 6th graders, not 
every problem introduced to the class found its way into every student 
notebook. The problems on which we managed to collect complete data fell 
into the following categories: 

1. combinations — e.g., problems where order is not important 

2. permutations— e.g., problems where order is important 

3. visualization — e.g., problems using symmetry 

A. math operations-^. g., additive problem isomorph 

5. process~e.g., problems where the optimum strategy is important 

^^o^^^S Problems . The students" work on the problem solving tests 
and in their notebooks was scored based on the steps of Polya's heuristic 
discussed earlier. 
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!• understanding the problem by being able to state the goal 
and conditions expressed in the problem statement • 

2# devising a plan by choosing a strategy for solving the 
problem « 

3. carrying out the plan to obtain an answer • 
4« evaluating the answer. 

Each step was scored from zero to two points, for a total of eight 
points on any problem* We were interested eqxially in the answer that 
students obtained and the process by which they arrived at their answers • 

We examined the data for indications of change over time in the 
students' ability to apply the problem solving heuristic as evidenced by 
their ability to concretely state their goals, conditions and strategies* It 
was expected that increased facility at explicitly stating such information 
would lead to a more systematic and complete demonstration of the work done 
to obtain an answer* 

Rowe's teaching arrangement, in which he taught problem solving in his 
classroom and in his computer lab, enabled us to make a number of 
observations about the effectiveness of explicit.ly teaching problem solving 
strategies to students* First, we compared the students' acquisition and use 
of problem solving strategies within the problem of the week domain* Here 
the issue was whether students learned the problem solving strategies and 
applied them with increasing skill to the new problems that were presented to 
them each week* Second, we examined students' acquisitioa of LOGO knowledge 
and more general skill within the LOGO domain* Third, we examined students' 
perforaance in the computer lab* Here we compared students who were taught 
LOGO by the decompositional approach and the students who were taught LOGO 

242 
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using the compositional approach. This difference in instruction was expected 
to effect student performance on the two tests. The compositional group 
(Group A) was expected to perform better on the Brookline test because it 
tested more general problem solving skills, and the decompositional group 
(Group B) was expected to perform better on the LOGO test because it tested 
basic programming knowledge. 

Results 

The Development and Transfer of Problem Solving Strategies 

The problem solving curriculum conducted within the classroom consisted 
of problems which required the use of different problem solving strategies 
and had varying degrees of difficulty. The students were given one problem 
solving period of 20-30 minutes to work on each problem from the Heath 
Pretest. The teacher collected the worksheets at the end of a period and 
returricu Lixem to the students the next day. Evidently, some students did not 
turn in their worksheets at the end of a period and could not find them at 
the beginning of the next period. The teacher gave these students a new 
worksheet; however, this situation left us with incomplete data in some 
cases • 

The Wilcoxin test (Siegel, 1956) was used to test the null hypothesis, 
i.e., that there would be no change in performance on these problems due to 
the explicit teaching of problem solving strategies during the school year. 
The results of this test indicate that we may reject the null hypothesis for 
five of the six problems at^<.01. On all problems except the visualization 
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problem (#2) the students showed significant change in performance during the 
school year* The surface features of this problem appear to l^ve created 
confusion for the students who did not score well on either the pre or post 
test • 



Table 19 

Students' Performance on Heath Pre and Post Tests 

Test Question 

#1 #2 #3 #A ^^5 #6 

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 

N - '33 23 33 23 31 22 31 23 25 24 25 24 
Median - 2 3 2 3 2 5*5 2 4 0 4.5 0 .5 

Gain - +1 +1 +3.5 +2 -♦4.5 +.5 

■ The other problem that was difficult to interpret was a math operations 
problem (#6) involving the relationship between perimeter and area. The 
students did not recognize a way to approach this problem and many wrote on 
their papers "I don'^t understand" or "I don'^t know how to do this," even at 
the end of the school year. Eight of the sixteen students were unable or 
unwilling to attempt this problem on both the pre- and posttest. Seven of 
the other eight students who attempted the problem on the posttest did not 
do 50 on the pretest. The eighth studen: attempted the problem but had no 
real understanding of it. Despite these peculiarities in the scoring system, 
the Wilcoxin test indicates that the gains made by these eight students 
were statistically significant ( ».01). 



We also selected two sets of problems from the problem of the week 
curriculum to measure .students' learning of problem solving strategies. The 
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problems we chose were problem isomorphs , that is: they had the same logical 
structure but had a different surface form (i.e., wording). The problem 
isomorphs we will discuss here are: (1> the process isomorph and (2) the 
commutative isomorph. 



Process Isomorph. The process problems presented students with eight 
objects (baseballs in one and eggs in the other), all similar in appearance, 
and asked them to find the lighter or heavier object in only two weighings 
using a pan balance. The baseball problem was presented in October and June 
and the egg problem was presented in March. 

Table 20 

Students' Performance on Process Isoporph Problems 

Iroblem 

BB (Oct) Egg (March) BB (Jun) 

N - 25 20 24 

Median "0 5 5 

Gain - X- +5 y - +5 

key: x - October to March y - Oc. o June 

The students showed significant growth in their ability to do this type 
of problem during the school year. There was significant Improvement by the 
entire class from October to March and October to June [Wilcoxin (©Is-. 02)]. 

Commutative Isomorph. The commutative problems embed an algebraic 
principle into the problem. The commutative principle (a+b-b+a) represents 
an abstraction of a mathematical concept which students find in math word 
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problems and drills of math facts. 



Our analysis focused on the "water fountain" problem and the "gold 
digger- problem. The water fountain problem, which made its appearance in 
November, asked the students to measure 6 liters of water from a fountain 
using only two cans of 7 liters and 11 liters. The goal was to arrange a set 
of measurements which would produce the desired amount of water in one of the 
larger cans. The gold digger problem, done in February, asked the students 
to identify the weight of various gold nuggets using a pan balance and three 
weights of known amounts: 1, 3 and 9 grams. The goal of this problem was to 
arrange a set of measurements which would enable a number of gold nuggets of 
unknown quantity to be weighed up to the maximum amount possible (13 grams). 



Table 21 

Students' Performance on Commutative Problem 

Problen Name 

Water Fountain Gold Digger 

Month Given Nov Feb 

N 14 20 

Median 5 5 

Gain « 40 



While the median score remains the same, students' performances appear 
to increase from the water fountain to the gold digger problem; however, the 
sketchiness of this data does not yield results which are statistically 
significant* 
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It Is interesting to note that only two of the twelve students showed 
any performance loss, and this loss was minimal (-1 gain score). One 
student's performaiice is especially interesting because it highlights the 
fragility of the learning process which teachers must support. This 
particular student arrived at the correct answer for the water fountain 
pi-oblem but, followed an inafficient, circuitous route indicating incomplete 
understanding of the opt' lum strategy. Later, when attacking the gold digger 
problem, this student used the optimun strategy. She did not get credit for 
the correct answer, however, because two of the measurements are left off her 
worksheet which produced the sm?:^ performance loss. 

In sua, these improvements make us optimistic that the direct 
instruction of problem solving strategies is responsible for students' 
learning and the transfer of this knowledge to new situations. However, we 
must remain cautious. The complexity of data drawn from a naturally 
occurring setting must temper enthusiasn for this interpretation. 

Developing LOGO Knowledge 

I£GO Pr oblem Solving . Students showed improvement on t.iree of the 
four BrookT.ine test problems from the pre to the posttest. The 
students'median performance improved on all problems but one. The Wilcoxin 
test allows us to reject the null hypothesis for 3 of the A pro^ ^ms («at.05, 
.05 and .02). Howe er, this fourth problem contained sixteen of the 

thirty-four podsible points. Therefore, while students' performance was in 
the predicted direction, it is not surprising that the results are not 
statistically significant. 



ir 
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Table 22 

Students' Perforaiance on Brookline Test 
Test Question 

n #2 #3 #4 

Pre Post Pre Post Pre Post Pre Post 

N - 34 3 0 34 3 0 34 2 7 34 2 9 

Median « 9 9.5 4.0 3.5 4 5 1 1.5 

Gain « +.5 -.5 +1 +.5 

The math operations problem (#3) was given closer analysis because it is 
similar to the water fountain and gold digger problems. This problem asked 
the student to translate a series of forward and backward steps into a one 
directional step. 

To solve this problem, the students need to link forward steps to 
backward steps— i.e., forward steps require addition and backward ones 
subtraction. Once they perceive this relationship, carrying out the actual 
process and reordering of information to arrive at the correct answer was 
quite elementary for most of these students. In fact, ten of the twenty five 
students scored the maximum points possible on both the pre and posttest. 
The students showed significant growth over the school year fWilcoxin 
(<A--05)]. 



Knolwedge. The results of the LOGO test indicate that the 
students' knowledge of LOGO increased from the beginning of instruction to 
the end on both the overall test and each of the six individual problems. 
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The median score of the class as a whole gained 12 points from November to 
June. 



Table 23 

Students' Performance on LOGO Knowledge Test 
Test Question 

1 2 3 4 5 6 

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post 
N- 32 29 32 29 31 29 31 29 31 29 31 29 

Median - 2A2A lAlA030i 

Gain 42 +2 +3 +3 ^3 

Compositional and Decompositional Approaches to Problem Solving 

To determine whethtr students who were taught LOGO emphasizing the 
discovery learning approach (compositional group) differed from students who 
were taught emphasizing problem solving strategies (decompositional group), 
the performance of Group A and Group B on the Brookline and LOGO Knowledge 
Tests were compared. 

LOGO Knowledge. We expected Group B to perform better than Group A on 
the LOGO Knowledge Test because it assessed specific LOGO skills which were a 
part of that group's explicit instruction. The results were in the predicted 
direction. Group B gained 12.5 points on the LOGO test while group A improved 
11 points. The results obtained by Group A on this test deserve further 
comment. They made an Improvement which was greate.- than expected. This 
improvement suggests that students can learn specific LOGO commands when 
programming information is embedded within a broader framework of students' 
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instruction. 

Tabl<2 24 

The Performance of Group A and Group B on the LOGO Knowledge Test 

Group A Group B 

Pre Post Pre Foot 

N - 15 16 16 13 

Median - 5 16 6.5 19 

Gain - +11 +12.5 

Problem Solving. We expected Group A to show more change than 
Group B on the Brookline test jeciuse this test assesses students' 
application of problem solving strategies. The results were in the predicted 
direction; Group A increased by 3 points while Group B showed no gain. 
While this difference was not statistically significant, the results suggest 
that Group A students transfered their problem solving skills from the 
classroom to the LOGO lab. 

Table 25 

Group A and Group B Performance on Brookline Test 
Group A Group B 





Pre 


Pest 


Pre 


Post 


N- 


17 


15 


17 


11 


Median ■ 


19 


22 


18 


18 


Gain ■ 




+3 




■K) 



Students" Work While Solving Proble r s . The idea that students would 
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transfer an understanding of the problsa solving heuristic from the problem 
of the week curriculun to the K)GO tasks also receives support from anecdotal 
evidence about students' work while solving problems. One piece of evidence 
relates to the students LOGO notebooks. The two groups began a series of 
projects which were to be planned and recorded in their notebooks. Although 
neither group of students was totally successful in its planning or record 
keeping, some differences were observed. 



The students were encouraged to write down the commands, procedures and 
routines they were trying to use in their projects. This information was 
then tried out using the DRAW mode of LOGO. If the visualized pattern did 
not match the turtle drawn pattern, then the student was to make changes and 
adjustments before storing the information permanently on disk. Group A 
students tended to "outline" their projects by nesting procedures within 
procedures. Using this approach the students first decided on the main 
procedures, then moved inside one such procedure and worked on its 
subprocedures. This organization was extremely productive for pairs of 
students who cooperated well with one another. After the initial planning, 
they divided up the work in various ways and used their computer time 
efficiently. 



Group B students tended to use their notebooks merely as a i .cord 
keeping device after trying out an idea on the computer in the DRAW mode. If 
the attempt was suitable, a procedure might be defined; if the attempt was 
unsuitable, the students continued drawing and recording their moves until 
the screen version was suitable. One pitfall frequently encountered using 
this method was inefficient visual to spatial translation of Images ~ e.g., 
overdrairTlng or underdrawing. Students compensated for such errors by moving 
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forvard or backward as needed or changing the angle by increasing or 
decreasing the size of the image. Even though they recorded these movements 
in their notebooks, few students recognized the math operations — ^addition or 
subtraction—embedded in these moves. As a result, they rarely recombined the 
several moves into only one move* Most frequently, when ready to transfer 
their notebook notations into a defined procedure, the students copied the 
information without making any changes. As students became facile with the 
DRAW mode and translating their visual images into spatial commands, they 
tended not to record on paper at all, allowing the computer to do this work. 
In effect, this served to block their ability to sec the relationship between 
coomacds or to utilize any problem solving strategy other than trial and 
error . 

This inforaal assessment of students' work while in the process of 
solving problems suggests that the compositional approach neither helped 
students develop efficient and systematic planning techniques nor invited 
them to transfer the paper and pencil strategies learned as part of 
the classroom problem solving curriculim. 

Conclusions 



The worP in this chapter was addressed to the following questions: 

(1) Does the direct instruction of problem solving strategies 
lead to improved problem solving by students? 

(2) Do problem solving strategies transfer between situations 
when the environments are closely matched and the use of 
the problem solving strategies has been verbally marked 
and formulated? 
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(3) Do students who have been taught a programming language (LOGO)' 
using a deccapositional approach use problem solving strategies 
better than students taught this same language using a 
compositional approach? 

Based on test results, we feel comfortable concluding that students who 
receive intensive and systematic instruction in problem solving and have the 
problem solving apparatus formulated for them explicitly can learn problem 
solving strategies and transfer them to new problems that have a similar 
logical structure with varying surface features* 

We are idso encouraged by our results concerning the utility of the 
decompositional and compositional approaches to teaching a programming 
language* The students who were taught LOGO by the decompositional approach 
did better than students who were taught using the compositional approach on 
a general problem solving test, while students who were taught LOGO by the 
compositional approach did better than students taught by the decompositional 
approach on a test of LOGO knowledge. Both of these test results are in the 
direction predicted by the assumptions imderlying the compositional and 
decompositional approaches* Students taught by the decompositional approach 
seemed to approach programming problems differently than the students taught 
the compositional way. The decompositional group planned their products in 
advance while the compositional group treated their notebooks as record- 
keeping devices after they completed their work. 

Implications for Further Study. 

It is best to view this work as a pilot study. Our intuitions about the 
way to study problem solving in naturally occurring situations need 
refinement before solid conclusions can be drawn. While we will want to make 
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changes in research design and data gathering in future studies, we will want 
to keep the problem solving activity itself in the naturally occurring 
context of the classroom for a variety of reasons. The most notable reason is 
that we want to be able to test the generality of the problem solving 
heuristic* 



The appeal of the problem solving heuristic is that it may be applicable 
to diverse situations which go far beyond classroom math problems and 
computer projects which provide the data for this research. Such a framework 
to learning asstmes that, our task as educators is broader than the 
transmission of specific knowledge, even when that knowledge involves 
abstract concepts. Rather, the task involves critical thinking and 
abstracting generalizable relationships from specific knowledge. 

Pyngaic Support for Problem Solving. Teaching problem solving to 
children requires a rich, supportive environment. In the conventional 
approach to teaching a problem solving task such as LOGO, all the parts are 
available, but the sense of the whole and instructions for putting the parts 
together are often missing. The decompositional approach to LOGO adopted 
here provided an alternative form of supporting the students' learning. In a 
decompositional approach to problem solving, teachers present the entire task 
to the students and provide the expertise to accomplish the task with 
decreasing amounts of support. 

The -nominal" task is located on several planes. The teacher has a 
learning activity which represents part of a pedagogical class of activities. 
The students also engage in the learning activity; however, for them the task 
is more specific or concrete~i .e. , a set of behaviors* 
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Figure 14: Planes of Pedagogical Activity 

The promise of the decompositional approach to teaching the problem 
solving heuristic lies in the fact that it can help us capture 
ethnographically the thread which links all three planes of activity. By 
looking at both the teacher's performance and the students" performances, we 
trace the thread o? underlying competence as it moves from the 
intersubjective plane (Teacher -Student interaction) into the intrasubj ectlve 
plane (Students' reflexive interaction). 



Collecting process data. The use of field notes to collect data about 
how students approach problems was problematic since the ethnographer could 
not capture everyone's ideas simultaneously. Attempts to videotape students 
describing the^r problem solving process were problematic for the same 
reason. In future research, we plan to have the students write in their 
problem solving notebooks about the process they were going through. Such a 
writing activity could be integrated into the language art. curriculun of the 
classroom. In fact, a computer generated file could be used to support the 
note taking activity, thereby broadening the set of computer related skills 
learned by the students to include word processing (Souviney, personal 
communication). The "self report" data would facilitate access to the 
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problem solving processes and students" commentary on their thinking • 



Constraining the Problem Solving Domain > Problem solving research can 
be approached by attending to two process factors: (1) the difficulty of the 
problem and (2) underlying problem isomorphs. The usefulness of these two 
factors is that they allow the researcher to trace changes in individuals and 
classrooms across time. 

simple ^ — ~ ^> complex 
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I^lgure 15: The Dimensions of Problem Isomorphs 
The application of this rationale makes the research quasi-experimental 
within the natural setting and provides a set of expectations (loosely akin 
to hypotheses) of what will emerge from the ethnographic data. Explicitly 
teaching the problem solving heuristic (e. g., procedures for being 
systematic and complete, and concepts such as efficiency and symmetry coupled 
with feedback to the students on their attempts) can provide an environment 
where the learning of specific problem solving skills and their transfer to 
novel situations can be Investigated. Learning to abstract information from 
a given situation and recognize row situations where that information applies 
represents a -metacognitive" skill which many people think is important our 
complex technological world; Discovering motivating and relevant ways to 
provide this type of education for students remains an ongoing concern for 
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educational research. 

We feel that further study requires careful staggering of the problem 
types in order to assess change. Thus, we would organize a rotation for the 
problems—e.g.. 

Sept Oct Nov Dec Jan Feb Mar Apr May 
type 1234 51234 

With the focus on a specific problem type, there would be explicit 
instruction on the optimum strategy for that problem. This would provide the 
environmental support for learning these strategies and make them available 
for trasnfer to new situations. 

Another approach would be to provide a curricula which approaches all 
of these problem categories at the same time but varies each on level of 
difficulty. Presently turn Suden is attempting to integrate these two 
features (the problem isomorphs and the staggering of problem types) through 
a computerized individual instruction program in an after school setting. 
This current work allows the student freedom to chose the problem thereby 
enabling students to gain control over their work. In this approach to 
teaching and studying problem solving, once a problem is selected, the 
student shows mastery of the optimum strategy before moving onto a more 
complex isomorph in that problem category. The computer's ability to save 
work on disks allows students to review their work whrfn approaching a problem 
in more than one session. We would use this information to supplement the 
inforaation we gather from the problem solving notebooks. 
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CHAPTER 9: 
SUMMARY AND CONCLJ SIGNS 
Hugh Mehan, Luis Moll and Margaret M. Riel 



We see three main problems with the current uses of microcomputers in 
education: (1) the educational potential of microcomputers is underutilized 
hy the current emphasis upon programoing and computer aided instruction (2) 
access to advanced uses of microcomputers is stratified; low income and 
linguistic minority students do not receive instruction which is equivalent 
to their middle income and linguistic majority contemporaries; and (3) an 

undue emphasis on computer programing in computer liter rricula is ill 

preparing students for the world of work in an inforrt.^ jciety. 

Our modest approach to addressing these issues has been directed toward 
exploiting a wider range of the microcomputer's capabilities with a diverse 
population of elementary school students through collaboration between 
elementry school teachers and university researchers. We are trying to make 
changes and improvements in schooling by teucner'-Tesearcher collaboration 
because teachers are in the closest crintact with students and computers. This 
particular collaboration involved the systematic introduction of computer 
curricula in four classrooms accompanied by supporting knowledge and 
training. The computer curriculum, Implemented in language arts and 
mathematics, was an extension of previous work conducted at UCSD to teach 
basic skills to small groups of special education students in resource rooms 
and after school dubs (LCHC, 1982; Riel, 1983; Levin et al, 1984). In this 
research project, we extended these educational efforts to a more diverse 
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population of students, to the constraints of a regular classroom 
configuration and standard educational curricula. 

The classrooms had diverse student populations in terms of age, measured 
ability, socioeconomic background and ethnicity. The students were in grades 
2-6; their ability was measured from the lowest CTBS quartile to 
qualification for the GATE program. One classroom was part of a designated 
bilingual program, two others had a number of students who spoke Spanish as a 
first language and one was designated as a Chapter 1 classroom. 

Mutual Influences Between Microcomputers and Classroom Organization 

We wanted to know whether teachers use time and space differently and make 
modifications in what they teach and how they teach as a result of having a 
microcomputer available for instruction. 

Impact on Spatial and Temporal Arrangements 

There was no significant change in the way in which the teachers 
arranged the space and used time in their classrooms when they had a 
microcomputer available for instruction on a full time basis. The teachers 
who had used learning centers extensively in previous years used this spatial 
and instructional configuration when a microcomputer was made available to 
them by our project. The teachers who used whole group methods of 
instruction in previous years continued to teach their classses in this 
manner when the project made a microcomputer available for their use. 

2nij . 
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The absence of changes in temporal and spatial arrangements 
observed when microcomputers were introduced into classrooms shows how 
resilient classrooms are to attempts to change (Sarason, 1982; Cuban, 
1983). If the results of this modest investigation are replicated in other 
school settings, we should not be surprised if microcomputers continue to be 
inserted into existing classroom arrangements (Michaels, 1984) and do not 
lead to wholesale changes in classroom organization. 



While the introduction of a microcomputer for -he purposes of 
instruction did not modify existing spatial and temporal arrangements in the 
four project claasrooms, the availability of a microcomputer added a new 
dimension of participation to the classrooms. Each of the teachers in this 
project decided to have two students work at the computer at one time. 

Dyadic peer interaction was the new -structure of participation" 
(Philips, 1982) that emerged when two students were placed together to work 
at the computer. Students were ^Iven assignments for work sessions at the 
computer by the teacher, either veirbally at a whole-group orienting session, 
or in writing at the computer center itself. Students worked together on the 
assigned activity carrying out the teacher's assigtaaents without direct adult 
supervision. When they had difficulty with computer operations, they often 
called to the teacher for help. However, the teachers' response was to 
encourage the students to use each other as resources, consult the written 
instructions around the computer, or to go to other students for assistance. 

The teachers did not dictate a particular form of interaction to the 
student pairs. They were left to their own devices to sort out the manner in 
which the task would be completed. In that sense, the students' 
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participation in the computer activity was voluntary, not compulsary. While 
they were responsible for completing their assigned session at the computer, 
the details of how that session would be completed was left to the 
students. Since the teacher did not monitor the students at the computer 
directly, their work was not evaluated moment-to-moment or publ"' .ally, as it 
so often is in regular classroom lessons (Mehan, 1979). 

As a consequence of this additional participation structure, students 
developed a different sense of social relations. The students assisted each 
other at the computer in Ways that were productive. They often corrected 
each other's mistakes and cooperated in the completion of assigned tasks. 
Dyt tc peer interaction ^po provided social resources which facilitated 
learning. In language ai . activities, even when neither student began an 
assignment with an idea of what to do, the discussion of the problem often 
presented the students with the way to proceed. In the process of entering 
text, the student who was typing was often concerned with such locel issues 
as the spelling of a word, while the other student concentrated on more 
global issues such as the construction of the essay and coherence among 
sentences . 

Impact on Curriculum 

The Comput e \ ja New Meang to Meet Previously Established Curricular 
^ods* Three the teachers entered the project approaching Language Arts 
instruction from a perspective that integrates the teaching of reading with 
the teacliing of writing. By emphasi^^ing tha writing process (Cooper and 
Odell, 1978), these teachers used the text that students wrote to create 
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opportunities for students to read. In turn, texts f.hat students wrote 
became a basis for later reading. 

The computers were thoroughly incorporated into the instructional plan 
of the language arts curriculum. The teachers planred for computer activities 
in the same manner that they planned for other instructional activities. The 
computer was not an isolated piece of educational technology that students 
were taught about. It was a functioning part of the classroom environment 
and was used as frequently and in the same way as tables, chairs, 
typewriters, tape recorders, paper, pencils, chalk and chalkboard. 

The teachers organized tasks for the microcomputer that were coordinated 
with tasks that were carried out in ether parts of the curriculum. Reading 
and writing activities tliat were taught using paper, pencils and chalkboards 
were coordinated with activities that were taught using the microcomputer. A 
poetry writing activity begun with paper a'^d pencil, for example, was 
extended to the computer center where a similar -nriting activity took place. 
In this role in the language arts curiiculum, the microcomputer was a new 
means to meet previously established educational goals. 

The Computer as £ Means to Meet ' New Curricular Goals. The availability 
of a microcomputer facilitated a new social organization for reading and 
writing. It is at this juncture that the microcomputer moved beyond its role 
of providing a new, albeit djmamic, means to reach previously established 
goals, to providing a medium through which new and previously unattainable 
educational goals can be reached. 

The teachers introduced a student newswire service known as th* 

^ * 
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-Computer Chronicles- in their classrooms. Students at a variety of distant 
sites exchange newspaper articles they have written as well as ones written 
by students in the network to produce local editions of the Computer 
Chronicles newspaper. 

The Computer Chronicles helped the teachers establish learning 
environments which were organized for communicative purposes and not just as 
an exercise for teachers to evaluate. The presence of an audience for 
writing, in the form of classmates, parents and pe<irs in Havaii, Mexico and 
Aliska, was a crucial ingredient in giving students a purpose for writing. 
This writing for £ purpose and not "just writing" or even writing on the 
computer, subordinated students'' concern for the mechanics of writing to the 
goal of communicating cleerly . 

The presence of changes in teacher-student relationships and curriculum 
in conjunction with absences of changes in classroom organization leads us to 
consider two types of accounts about the impact of computers on education. 
One proposes that classroom culture will dictate the organization of 
classroom computer use; the second 8a>s that the availability of 
microcomputers will cause wholesala changes in education. We are inclined to 
dismiss both interpretations as overstated and are more inclined to adopt 
the view that characterizes the relationship between classroom organization 
and conputer use as a mutually influential one. 

Some Consequences of Peer Interaction at the Computer 

The teachers wanted their students to master the operation of the 
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microcomputer and be able to use the microcomputer for academic tasks e. g., 
composing poems and solving problems. The teachers started the students' 



students worked together to accomplish assignments. This arrangement 
enabled us to examine whether pairs of students working together gain 
benefits that do not accrue to students working alone. 

When pairs of students were placed together at the microcomputer, they 
cooperated in the accomplishment of the task by dividing the labor between 
them. Verbal interaction was a particularly Important meditan in these 
situations, because the students working together talked out loud to each 
other. The act of verbalizing material led to cognitive restructuring the 
part of the students who were attempting to explain. Verbal interaction was 
also Important because it led students to hear different points of view, 
which, in turn, lead to cognitive conflicts. The resolution of these 
conflicts required the students to examine their own understandings and to 
consider different viewpoints. 

The students divided the task in two principle ways: sequential 
processing and parallel processing. It was by dividing the labor that 
students completed the task assigned to them by the teacher. 

Pairs of students divided the tasks sequentially when they used 
software which prompted students to pick from pre-determined choices. 
Students either alternated access to the keyboard every time the machine 
provided a prompt or conducted a series of operations before turning the 
keyboard over to the other student. Students soon settled on the "story" as 
the turn -alternation cnit. At this point, one student entered a complete 



learning process at the computer in a decidely social manner: pairs of 
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story labile the other student provided assistance in the form of comments and 
suggestions about technical operations of the program and the computer. 

Pairs of students divided the task in parallel when they used software 
which enabled them to enter complete texts. While one student was engaged 
in entering text in response to general hints provided by the software, his 
or her partner was engaged in monitoring computer operations such as the use 
of the return or control keys and monitoring writing operations such as 
spelling, grammar, sentence structure and the overai: coherence of the 
composition* 

A general trend from sequential processing to parallel processing 
appears when the division of labor Is examined across the whole school year. 
The most accelerated point of the transition occurred when the software 
changed from program controlled to user controlled. The shift from 
sequential processing to parallel processing seems to have been influenced by 
the design of the machine and the design features of the software that the 
students were assigned to use. 

A Holistic Approach to Computer Literacy 

School districts are developing entirely new curricula for teaching 
students about the operation of the computer. Many of the courses in 
computer literacy curricula teach machine operationii separately and 
distinctly from the uses that the computer can have for academic and 
occupational purposes. 
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The teachers in this project taught their elementary school students 
about computer operations within the context of teaching them about computer 
uses, including writing and editing. Students spent on the average of 25 
minutes a week in language arts and 25 ninutes a week in mathematics at the 
computer. This means that they had 15 hours at the computer by the end of 
the school year. The students in these classrooms learned to write and edit 
tising a microcomputer, and, they learned to operate the machine without a 
specific and special course designed to teach them about the machine. 

If our modest results can be replicated, they have broad implications 
for teaching computer litnracy. This study suggests that it is not necessary 
to develop a special, separate and independent curriculim called computer 
literacy. Instead, the teaching of machine operations can be embedded in the 
teaching of academic tasks. We have had some success placing computer 
operations within a language arts curriculum. The same principle si. uld also 
apply to math, science and social studies. 

In addition to being cost effective, the holistic approach to coaputer 
literacy takes advantage of the highly motivating characteristics of 
microccjmputers (Malone, 1981). Students are exposed to information about 
computers while using them to learn important educational material. If 
computer literacy is decontextualized by having students learn about the 
computer without leaning what it can do, then the motivating elements can be 
lost. In so doing, we fear that computer literacy requirements can become 
yet anotl : academic hurdle for students to janp over rather than being a 
meaningful educational experience in which usable skills are taught in 
understandable ways* 
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Computer programming plays a different role in this holistic approach to 
computer literacy than it does in many computer literacy courses. Instead 
of making computer programming the single entry point and pinnacle of 
computer literacy, we are suggesting that it is important to provide 
students with "multiple entry points to expertise- (Levin and Souviney, 
1983). Multiple entry points enable students to use computers as powerful 
tools for a wide range of applications. For some students, that power 

<^o«« f±Tnt through learning to program the computer. But, for 
others, that power could and should come, we feel, from first learning how 
to use the computer, to write and edit text, to create music, graphics and 
animation to organize information and to commtinicate it to others. 
Furthermore, one avenue of access does not preclude another. Just as the 
student who begins learning about computers by programming them is not 
precluded from assembling spread sheets later on, so, too, the student who 
learns text editing first is not precluded from learning to program later. 

Like other investigators of huaan-nachine interface, we found that 
computer users consulted social resources more often than printed materials 
and manuals. There are lessons to be learned from these observations about 
the nature of instructions given to students who are learning to work at 
computers and the design of user guides. 

While thorough users' guides and brief instructions must continue to be 

available to people learning to operate the computer, it does not seem to us 
# 

that manuals should be the priiiiary element in teaching. Instead, teachers 
can capitalize on the seemingly ubiquitous presence of local experts. In 
each of our classrooms there were students who were highly motivated and 
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knowledgeable about computers; we are recommending that this expertise be 
systematically exploited by encouraging students who are learning about 
computer operations to seek out these ** computer tutors." 



It is also possible to empower students with knowledge about the 
computer. Diaz (1984) has been exploring this idea in an after school 
program in South East San Diego. He selects students who have been having 
academic difficulty or have not routinely enjoyed high prestige in the eyes 
of peers and gives them special kn;>wledge about computer operations. Other 
students soon learn that they can obtain special help from these experts. 
The resulting transactions seem to have benefits; the students in need of 
help gain help, and the previously unsuccessful student now gains experience 
with success. 



While calling for the systematic use of expert students in the computer 
center, we are not recommending the elimination of written Instructions or 
manuals entirely. Particularly helpful are brief instructions which can be 
arranged around the keyboard and monitor. The project teachers started the 
year with general Instructions about machine care and basic text editing 
commands. When they started a new activity, they posted specific 
instructions that were relevant to the new task on or near the computer. By 
the end of the school year, the computer was quite literally papered over 
with notes, reminders and penciled in notations. To a visitor or first time 
user, the computer and its paper cloak seemed Imposing if not Impossible to 
penetrate. But students, socialized into each new layer of activity with its 
accompanying instructions, seldom had difficulty in consulting the 
appropriate special note, even though it may have been buried beneath weeks 
of slmila: kinds of notes. 
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In addition to a brief list of generic commands and specific lists of 
instructions, our experience tells us that a different kind of instruction 
also needs to be posted at the computer center. Diagnostic instructions 
which take the discourse form of "if you have a problem, then do x" need to 
be available to students • The intent of diagnostic instructions is to 
encourage jstudents first to Initiate locally organized trouble shooting 
routines on frequently occurring problems, and second, initiate calls for 
social help in a prescribed sequence • Peers and computer tutors are to be 
consulted before teachers. Specifying the order of calls for social help is 
intended to lessen students' dependence on the teacher and foster student 
initiated actions. 

Functional Learning Environments for Writing 

The word processing systems that are available on microcomputers have 
been touted as possessing the solution to problems in writing (Lipsom and 
Pisher, 1983) because they facilitate the production of manuscripts. Printers 
are said to facilitate the writing process because students find the 
immediate production of neat, professional looking copy to be highly 
rewarding and motivating (Malone, 1981; Miller, 1984; Levin et al, 1982; 
Lipsom and Pisher, 1983). 

We, too, are Impressed with the utility of word processors and printers; 
however, we do not think that word processors per se are responsible for 
improved writing. In and of themselves, computers can not solve the problem 
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of teaching students to read and write. While we have found that a 
microcomputer alone can not transform unskilled writers into skilled ones, it 
does help organize a medium that makes a new social organization for writing 
possible. The microcomputer works effectively in language arts when tasks 
that are organized for it are coordinated with tasks that are carried out in 
other parts of the curriculum (t^ehan, Miller-Souviney and Rial, 1984). It is 
the creation of functional learning environments which utilize the computer 
as a tool to meet educational goals, and not the computer creaced as a 
teaching machine that dispenses knowledge to students, which has positive 
effects on the writing process. 

Functional Teaming environments, in which reading and writing were 
arranged for communicative purposes, gave students a goal for writing: to 
share their ideas and oncer ns with other students, some of whom were local, 
some of whom were distant. The public nature of writing provided motivation 
for re-writing and editing, giving students increased knowledge of word 
processing and control over the composing process. 

Dynamic support provided by the interactive capabilities of the computer 
minimized the students^ concern for the mechanics of writing and maximized 
attention to the flow of ideas and the process of writing, resulting in 
Improved quality and fluency. By arranging learning environments in which 
computer based support was gradually removed, students gained control of 
writing by gradually assuming the parts of the task initially accomplished hy 
the computer. 



Students worked in teams to generate new articles or to edit those 
received from other locations. These cooperative working sessions 
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facilitated the division of the newspaper writing task among the students* 
While one student concentrated on the mechanics of writing, another student 
concentrated on the generation of ideas. Cooperative working sessions also 
created a local audience for writing, rhe presence of another person during 
the writing process helped a student generate ideas and provided immediate 
responses to the written text. 

While students in all classrooms improved their reading and writing 
skills beyond grade level expectations, the most impressive improvements 
appeared in the classroom taught by the skilled teacher who integrated the 
microcomputer Into her language arts curriculum, had previous experience 
using computers and had prior experience teaching at grade level. Students 
in her classroom gained, on the average, 3 grade levels in language 
mechanics and 2 grade levels in language expression on standardized tests. 
Students did not Improve as dramatically in classrooms where some of these 
features were absent (e. g., where there was a novice computer user, or the 
teacher war? inexperienced teaching language arts as an Integrated 
activity). Therefore, while it is difficult to say how much of students' 
Improvement, ir any, can be attributed to the computer alone, the results of 
our research suggest that a combination of features (computer knowledge, 
teacher experience, the integration of the computer into functional learning 
environments) had a positive effect on students' learning. 

Computer Activities in a Bilingual Setting 
We paid particular attention to the way in which the computer was 
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introduced into the bilingual classroom because this setting had many of the 
features we would expect to find in many public schools: the teacher was 
recently assigned to teach at a new grade level, was participating in co- 
teaching pull-out programs for bilingual students, was learning a new method 
for teaching language arts and had a class composed of low achieving and LEF 
students* 

The course of development of the integration of the computer into 
language arts activities was uneven* The first third of the year was spent 
establishing schedules and routines, modifying software and activities to 
accoomodate younger and bilingual learners and providing students with lots of 
practice on machine operations* The modifications included providing many 
points of entry into the software systems and using social resources to 
assist the young learners, especially with tho computer commands that were in 
English* Although mastering computer operations was particualrly difficult 
for the USF students, the teacher did not reduce the level of instruction 
presented to them* Instead, she imported social resources, including older 
students from neighboring classrooms and members of the research team, to 
permit the students to engage in the tasks at the same level as the rest of 
the class* While this strategy proved to be laborious, it was effective. By 
December, the children, including the LEF students had overcome difficulties 
with procedural matters and were beginning to participate in computer 
activities profitably. 

During the second third of the year the teacher learned to develop 
software in Spanish* The teacher^ s commitment to learn to program 
interactive texts in Spanish provided the LEF students with a significant, new 
entry point into computer activity. Instead of being a consumer of other^s 
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products, she became a producer of her own products. Programming, it seems, 
provided her with a sense of control over the technology, concrete ideas on 
what to do next, and allowed her to take better advantage of the specific 
resources found within and outside her classroom. 

^ During this period the teacher also concentrated on a single computer 
based activity, "The Computer Chronicles," Not co incidentally, it was 
during this period the students' increased their skill in manipulacing the 
computer and associated software. The students were able to do some text 
editing on-line and they collaborated readily to complete tasks assigned to 
them by the teacher. These changes were as evident in LEP as English 
monolingual students, indicating that the teacher was successful in helping 
both groups of students perform similar tasks at similar levels. 

For the last months of the project, the classroom computer activities 
required the students to compose text and to modify their drafts on the 
computer. As in earlier times during the year, the students' progress 
through these activities was uneven; social resources were relied on heavily 
at the beginning of this period, and gradually receded in Importance as 
students learned the editing and composing tasks. 

The bilingual teacher's experiences with the computer are indicative of 
the experiences we'd expeec to find when a novice computer user attempts to 
introduce a micromputer into a classroom composed of low achieving and 
bilingual students. The process was laborious and at times exasperating. 
The teacher had to go to great lengths to balance her interest in this novel 
device with her commitment to mandated curriculum. The students, especially 
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younger and LEP students, developed computer expertise at a slower rate than 
students in the upper grndes. The teacher's commitment to organize her 
classroom environment such that younger and LEP students engaged in 
comparable educational activities (albeit with increased social support) 
represented an Impressive antidote to the tendency of providing reduced 
levels of instruction to under achieving students. 



Teaching Problem Solving Strategies 



The transfer of knowledge from cae domain to another has been hard to 
detect. When transfer does occur, it seems to be when certain linguistic 
mechanisms operate or when specific environmental conditions are in place. 
Naming the problem solving situations, providing direct instruction and 
practice, labeling the relevent strategies, explicitly stating the 
relationships between basic and transfer problems are some of the verbal 
mechanisms that can indtice transfer (LCHC 1983). Transfer can also be 
induced by rearranging the socio-cultural environment. An overwhelming 
amount of our daily life is routine. We perform the same actions, in the 
same order, day after day. When we repeat the same "solution" to these 
problems day after day, the connection between problem and solution becomes 
deeply ingrained, thus minimizing or disolving the problem of transfer 
entirely. 



One of the teachers arranged the learning environment in his classroom 
so that these conditions for transfer were present. He provided intensive, 
systematic and direct iastruction on problem solving strategies via a 
curriculum dubbed "The Problem of the Week." He provided verbal labels and 
formulations of the problem solving apparatus fo*- students'' use. He arranged 
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two problem solving situations that had many surface features in cjmmcvi, one 
within the regular classroom and the other in the computer lab he taught. 
When he took his sixth graders to the computer lab, he used LOGO as an 
environment in which students were to apply the problem solving strategies 
they had learned in the classroom. 

In additlor, . divided his classroom into two groups for instruction In 
r' • computer l.j, rae a compositional and the other a dec-- positional group. 
In the compositional appro-.ch, as found in Papert et al (1979) and Papert 
(1980), -^udents were first introduced to elements and were instructed to 
coiapose final products from the elements. In the decompositional approach, 
the stuents were oresenc. i with complete entities and were asked to analyze 
them by manipulating and modifying them. 

Students' performance was measured using problems from the school's 
standard math curriculun, the Briokllne Test of problem solving and a locally 
devised test of LOGO Knowledge in a pre and post test format and by examining 
the process of students' problens solving as captured in students' notebooks. 

The performance of tl .! class as a wholt. was compared from the pre test 
to the post test. On five of six Heath math problems, the students showed 
statistically significant improvement during the school year. 

Students showed improvement on three of the four Brookline Test 
questions designed to test students' ability to solve proijlemt. in the LOGO 
domain. Th3 results of the LOGO Tnowledge Test indicate that the students' 
knowledge o' LOGO increased from the beginning to the end of instruction. 



ERIC 2/; 



Computers In Class roorrs 
Final Report NIE G-83-0027 



June 26, 1985 
275 



The performance of the Compositional and Decomposltlonal groups was also 
compared on the Brookline and LOGO Knowledge Tests. As expected, the 
compositional group performed better than the decompositional group on the 
U)GQ Knowledge Test which assessed specific LOGO maneuvers which were a part 
of that group's explicit curriculum. Also as expected, the decomoositional 
group showed more Improvement than the compositional group on the Brookline 
Test which assessed studeuts' application of problem solving strategies. 

Students taught by the I-icompositional approach seemed to approach the 
programming problems differently than the students taught the compositional 
way The decompositional group planned their products in ^^vance while the 
compositional group treated their notebooks as record-keeping devices after 
they completed their work. 

Based on these test results, ve feel comfortable concluding that students 
who receive intensive and systematic instruction in problem solving and have 
the problem solving apparatus formulated for them explicitly can learn 
problem solving strategies- and apply them to new problems that have a similar 
logical structure with different surface features. We are more cautious 
about our results concerning the utility of the compositional and 
decompositional approaches to teaching a programming language (LOGO) because 
our test datZL are not statistically significant. 

Educationa l Implications 

We at** concerned about the resources that a teacher must marshal in 
order to accomplish the twin goals ofcoinputer mastery and academic learning. 
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Some suggsstione for arranging che everyday classroom context to meet these 
goals based on the several strands of research that we have reported 
follow, as well as some warnings • 

TeacI:^ f s Teach, Machines Mediate 

Computers extend rather than replace teaching done by teachers. Used 
properly, computers can extend the power of students to create, analyse, 
compare, examine and understand. Computer facilita,:ed environments can 
promote creative thinking, extend systematic inquiry and problem-solving, and 
establish important skills for cooperative work, all skills that are vital 
for participation in our present and future society. Students need to learn 
more than facts, including how information is collected, stored and 
utilized to solve problems or create new understandings. 

Educational Technology and Educational Policj 

Educational Innovations need to be driven by educational policy rather 
than by the availability of technology. When comouters first made their way 
into schools, often under the arms of enterprising teachers (Sreingold et 
al, 1983), the problem was finding the appropriate educational software. 
The teachers in this and other studies (Cazdcn, Michaels, Watson-Gegeo, 
. 385; Heap, 1985) have taken a significant step beyond isolated computer use 
by denont ating that it is possible to integrate computers intc major 
curricular ^vaaa. 

If computers are going to ha^^e a signific;»nt impact on schools, and not 
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just be confined to exceptional teachers, ther, schools and school districts 
have to adopt a comprehensive plan for computer use. Simply saturating a 
school with the newest machines is not likely to result In innovative uses of 
technology* 

The history of innovation in education (Sarason, 1982) lias shown that 
attempts to institute change have failed unless the Implications of the 
innovation for all aspects of the school system are taken into account. 
While the details of such a proposal are too complex for this space, two 
principles seem Important: (1) change must be school wide and involve 
administrators and parents, not just teachers j (2) a consistent plan and 
program that integrates students of differing ability^ curricular areas and 
grade leveli* is required* 

Functional Learning Environm^ts 

fiduc&ticnal technology wakes it possible to create learning situations 
in which titudei»ts can be engaged in activities that they find interesting and 
exciting for their own reasons and which accomplish the educational goals ot 
their teachers. Teachers established functional learning environments by 
relating the compi.xter activities to other educational tasks ^he rhildren vere 
doing. The goal was to link computer work with other classroom work to 
establish a mutually supporting context in which similar skills could be 
appJi^. The teachers perceived this coordination of otherwise unrelated 
activities as potentially the greatest source of support for the children's 
computer work; after all, the students spent approximately eij?ht hours a week 
on language arts and only 30 minutes a week on the computer. 
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Educatiooal technology can create new avenues for social exchange and 
cooperative learning* Fears that computers will result in students working 
in isolation removed from all forms of human interaction can be dispelled by 
watching students in classrooms organized to promote oeer interaction. 
Students solve problems collabatively, often with their teacher ri as partners. 
More, nou less, social interaction results when technology is used to foster 
joint problem solving. 

While it may be true that exceptional teachers can accomplish the goals 
associated with an Integrated language arts curriculum without a computer, 
well-designed computer software can empower good teachers by providing them 
with guidelines for integrating a range of new tools with their teaching 
skills. 

Networks of Social Support 

Nc'ttjorks of social support are vital to make educational technology 
effective. There is a range of different ways this support can be provided 
but without it, innovative uses of computers are not likely to succeed. 

Given our pedagogical goals, we selected software trhat had two importsnt 
characteristics: One, it was user controlled; it could be modified by the 
teacher, translated into Spanish, or entirely new acti'^ities coi^ld be created 
in either language. Two, it changed the type and form of participation as 
the student became more skilled; if the student was new to the task, such as 
writing an essay, the software provided plenty of prompts to support and 
encourage writing; as the student improved the prompts diminished and the 
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student did most of the work independently. For our purposes, this 
flexibility was very important. The billng^ial teacher, for example, used the 
Spanish versions (some that she developet* as she became more competeat with 
the computer) and the inter* ctional capabilities of the software to 
accomplish three essential goals: (1) to engage the whole class in the same 
computer activities, regardless of language proficiency, (2) to help LEP 
students apply their Spanish language and literacy skills readily to computer 
work, thus taking full advantage of the stxxdents' intellectual resources, (3) 
to help the sttidents use their Spanish to work in English Software was 
selected, modified or developed in the context of these goals. 

People are a vital part of the network of social support for students 
who are learning academic tasks via microcomputer. Support provided by 
students or the participant observers was vital for all students, but 
especially for the LEP students who needed help with English, to decipher or 
perform assigned computer tasks. This additional support was enough to help 
the students /Jo computer activities they otherwise could not do. As the 
students progressed in their computer work, the amount of help was reduced 
and the nature of the help changed. The social support was aimed at how to 
do a task, and more how to improve work done previously; or it provided 
guidance to LEP students about how to do in English what had previously been 
done only in Spanish. 

Social support- : ao important to the teacher's development as it is to 
tube students development. Rt^sear^ch is showing that adults as well as 
studeuns seek out soc'.al experts rather than print material to help them 
acquire new technical skills (Bannon, 1^85). Firiding ways to provide this 
support is vita?.. Simply providing teachers with new computer equipment is 
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clearly not sufficient. The extra-curricula^- hoi n ry-rryrAA^A -Uo .^u 

team facilitated the teachers' rapid acquisition of the technical aspects of 
computer operations. In addition, It provided the teachers with valuable 
resources not available in the immediate environment (e. g., the use of 
participant observers to assist the children) and access to local experts who 
represented an Indlspenslble crutch while teachers explored uncertain 
terrain. 

This experience suggests that teacher training must be continual but be 
r«*iuc*d as teachers gain ssastcry. Teachers nead to acquire "threshold 
knowledge" about computers, Including knowing how to select or modify the 
software the children will use and elementary trouble shooting, and this 
knowledge can be acquired while helping the students with their assignments. 
It is not necessary to postpone all worthwhlxe computer activities until the 
teacher is well-prepared. Just as multiple entry points were provided for 
the students, they must be provided for the computer-novice teachers. There 
is no one single way of becoming competent with computers. 

Computer Literacy 

As it is frequently taught, computer literacy is not a fruitful 
approach to computer use. It is not necessary to separate the teaching of 
machine operations from the teaching of machine uses doing so is yet another 
example of a decontextualized approach to education, and has the potential to 
continue the existing educational stratification of students along social 
class lines. Students can learn about machine operations by using them to 
accomplish academic tasks. Integrating computers into the curriculum and 
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using them as tools gives students a much richer sense of their power then 
spending time learning all the names and functions of the computer components 
separate from and before learning about computer uses* 



Educational Tracking 



Educational tracking can be reified by computer technology, i,e* when 
low income and low achieving students are given computerized drill and 
practice games while high achieving and high inccme students are exposed to 
simulations and tool use activities. This differential educational treatment 
is justified on the grounds that low achieving students need simplified tasks 
and massive doses of reinforcement, while high achieving students need 
advanced and challenging work. This rationale is uninformed and its 
concomitant stratification is unnecessary. When functional learning 
activities are created with dynamic support for low achieving students their 
scores on educational skills sIkiw Improvement that is similar to that of 
students who are classified as gifted. 
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APPENDIX 1 

SELECTING PROMPTS 
AND RUBRICS • 

From Grubb (1981) 

On the following pages are'spedfic prompts you can use to 
have your students write stories (narrative writing), descrip- 
tions (descriptive writing), explanations (expository writing), 
and letters (practical writing). The prompts have been writ- 
ten for use with the different grade levels of SPECTRUM OF 
ENGLISH. You will also find prompts for persuasive writing 
for Grades 7 and S, where this kind of writing is first intro- 
duced. With some word adjustment, you will probably be able 
to use prompts designed for one grade level with any group 
of students. If, for example, you are teaching from SPEC- 
TRUM OF ENGLISH Green (Grade 5). you will probably also 
be able to use slightly reworded prompts from Purple (Grade 
4) and Gold (Grade 6) to evaluate your students' writing 
ability. 

After each set of prompts, you will find a four-point and a 
six-point rubric, designed for use with the spedfic kind of 
writing elicited Vy the prompts. You can use these rubrics to 
score your students' compositions. 

Prompts for Narrative Writing 

Spectrum of English Yellow (Grade 3) 

Imagine that you have found a magic wand. Think about 
how you found the magic wand. Think about* how you will 
try to use the magic wand. Think about what will happen 
when you use the magic wand. Then write a story that tells 
about you ind the magic wand. 

Sptcirum ef English Purple (Grade 4) 

Imagine you' are taking a trip on a rocketJ Think about 
what you will do when the rocket takes off. Think about 
what you will do during the trip. Think about what you will 
do when the rocket lands. Then write a story about your 
rocket trip. 
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SclcclinK I'rumpts ond Kiihrics .- 



Siwlruni of English Green (Gr.idc 5) 

Imagine you and a friend are exploring another planet. 
Think about the most exciting adventure you and your friend 
would have there. Think about what would happen at the 
beginning, in the middle, and at the end of your adventure 
Th«n write a story about the adventure you ar^ your friend 
have. 



Spectrum of English Gold (Grade 6) 

Remember a time when you feit very frightened. Think 
about what happened to make you feel frightened. Tl.ink 
about what you did when you felt frightened. Think about 
how you finally stopped feeling frightened. Then write a 
story about the time when you felt frightened. ' 

< 

Spectrum of English Amber (Grade 7) 

Imagine that while you are exploring a strange jungle, 
you become lost. Think about how you became lost. Think 
about what you do when you discover you are lost. Think 
about how you find your way back out of the jungle. Then 
write a story about being lost in the jungle. 

Spccirum of English Emerald (Grade 8) 

Imagine that you ir« trapped in an underground mine. 
Think about what you do when you discover that you are 
trapped. Think about the different methods you use to try to 
get out of the mine. Think about how you finally get out. 
Then write a story about being trapped in an underground 
mine. 



Rubrics for Narrative Writing 

Because if is used far less often than the four- or six-point 
rubrics, the nine-point rubric has not been included. If you 
need a nine-point rubric to assess the writing of a group of 
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r • Sdct HnK Priimpts ,ind Rubrics 

advanced students, expand the six-point rubric^givcn here, 
using the nine-point rubric on pnges 15-18 as a guide. 

Four^Polnl Rubric 

4 This is an excellent composition, with all or most of the 
following characteristics: 

□ a clear sequence of events which is an appropriate 
response to the prompt and which is introduced at the 
beginning of the composition 

□ dear development of the story, without irrelevant de- 
fcriptions or explanations 

^ □ good organization, including a clear beginning, middle, 
and end 

□ fresh, vigorous word choice 

□ a variety of interesting details 

□ correct and appropriate structure in all or almost all 
sentences 

□ very few or no errors in the use of punctuation marks, 
capital letters, and spelling 

3 This is a good composition, with all or most of the follow- 
ing characteristics: 

□ a sequence of events which is a good response to the 
prompt but which may not be entirely clear in every 
part of the composition 

□ good development of the story, which may, however, 
be marred by an irrelevant description or explanation 

□ good organization, which may, however, include undue 
emphasis on the beginning or the end of. the story 

□ good word choice, which is, however, not particularly 
fresh or vivid 

□ sufficient details to maintain reader interest- 

□ correct and appropriate structure in many or most 
sentences 

□ some errors in the use of punctuation marks, capital 
letters, and spelling 
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Sflfttin>; IVunif .inJ Rubric:* ^ 

I 2 This is an adcqunte composition, with all or most of the 

♦ following characteristics: 

! Da story Unc which is an adequate response to the prompt 

but which may be unclear in many parts cf chc com* 
' position 

□ adequate development of the story, which, however, 
probably includes one or more irrelevant descriptions 
or explanations 

□ organization which is not completely clear 

□ adequate word choice 

□ very few details which relate to the story ^ 

□ incorrect or inappropriate structure in many sentences 

□ serious errors in the use of punctuation marks, capital 
letters, and spelling ^ 

I 1 This is an inadequate composition in which it is difficult to 

understand what the writer is trying to say. It may be 

! very short or very long and rambling. The composition 

has all or most of the following characteristics: 

* □ some indication of an attempt to respond to the prompt, 

although the story line is unclear 

□ story development which is unclear or completely 
lacking 

□ no understandable organization 

□ unspecific, immature word choice 

□ complete lack of details which relate to the story 

□ incorrect or inappropriate sentence structure through* 
out 

□ many serious errors in the use of punctuation marks, 
capital letters, £nd spelling 

Slx^PoInt Rubric 

6 This is an excellent composition, with all or most of the 
following characteristics: 

□ a clear sequence of events, which is an appropriate 
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Rubrics for Descriptive Writing * 

Because it is used far less often than the four- or six-point 
rubrics, the nine-point rubric has not been included. If you 
need a nine-point rubric to assess the writing of a group of 
advanced students, expand the six-wint rubric given here, 
using the nine-point rubric on pages 15-18 as a guide. 

Four-Point Rubric 

4 This is an excellent composition, with all or most of the 
follow'ng characteristics: 

□ a clear topic, which is an appropriate response to the 
prompt and which is introduced at the beginning of the 
description 

□ a clear development of the description, with few or no 
irrelevant stories or explanations 

□ good organization, including an introduction and a con- 
clusion 

□ specific, vivid word choice 

□ sensory detail 

□ correct and appropriate sentence structure in most or 
all sentences 

□ few or no errors in the use of punctuation marks, capi- 
tal letters, and spelling 

3 This is a good composition, with all or most of the follow- 
ing characteristics: 

□ a topic which is a good response to the prompt but which 
may not be completely clear throughout the composition 

□ adequate development of the description, which may, 
however, be marred by an irrelevant story or explanation 

□ good organization, which may, however, lack a clear 
introduction or conclusion 

□ appropriate word choice, which is, however, not partic- 
ularly vivid 

□ sufficient details to make the description clear 
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□ correct and appropriate structure in most sentences 

□ some errors in the use of punctuation marks, capital 
« letters, and spelhng 

2 Inis is an adequate composition, with all or most of the 
following characteristics: 

□ a topic which is an adequate response to the prompt 
but which may be unclear «n many parts of the descrip* 
tion 

□ minimal development of the description, which may 
include several, irrelevant stories or explanations i 

□ unclear organization 

^ □ unspedfic or immature word cho'ce 

□ few details which contribute to the description 

• □ incorrect or inapprooriate structure In many sentences 

□ many errors in the use of punctuation marks, capital 
letters, and spelling 

I This is an inadequate composition, in which it is difficult 
to understand what the writer is trying to ssy. The com- 
position has all or most of the following characteristics: 

□ some indication of an attempt to respond to the prompt, 
although ^he topic of the description may be unclear 

□ development which is unclear or completely lacking 

□ no understandable organization 

□ unspecific, immature word choice 

□ complete lack of details which contribute to the descrip- 
tion 

□ incorrect or inappropriate sentence structure through- 
out 

□ many serious errors in the use of punctuation marks, 
capital letters, and spelling 

Six-Point Rubric 

6 This is an excellent composition, with all or most of the 
following characteristics: 



Computers in Classrooms 
Final Report NIE-G-83-0027 

Appendix 2 



June 26, 1985 
296 



ERJC 



Functional Computer Literacy Test 

latroduction 

Try to make the person feel as comfortable as possible. This Is nt 
test, It Is a discussion about the computer and what the person knows. They 
may learn some things that they did net know. Say something like: 

We want to know what you have learned about the computer this year. 
I am going to ask you some questions about the computer and how you use 
the computer. You will know the answers to some of these questions, but 
not all of them. You may learn some things about the computer. Every- 
thing you say is important to us because it will help us decide what to 
teach children about computers next year. 

Hardware Questions 

General instructions: point to the part of the computer indicated and ask 
the person to identify the part and tell wnat it is for. If the persons 
response is similar to one listed, mark that response. If it is 
different, either list it or if coo long, index tape recording by T. 
Fcr no response, mark 0. 

1. What is th^s? (Keyboard) 

What does it do? (lets you talk to the computer) (types letters) 

2. What is this? (Monitor) (Screen) (TV) 

What does it do? (shows what is happening in the computer) (shows you 
what you are doing) r / x j-wu 

3. What is this? (Printer) 

What does it do? (type information on disk) 

4. What is this? (Disk Drive) 

What does it do? (reads and writes information on the disk) 

5. What is this? (Central Processing Unit) 
What does it do? (make the computer work) 

6. What is this? (Memory Jhlp) 

What does it do? (store information) 

7. What is this? (WArSYSTEM Disk) 

What does it do? (starts the Writers Assistant) (reads information) 
(transfers information) 

8. What are some of the things you have to do to be careful of discs? 
Probe: What are all the things you shouldn't do with discs? 
(food) (magnets) (grey area) (heat, cold) (bend) 

9. What would you do if you put your disk in and turned on f- >. computer 
and the screen was blank? 

If that didn't work is there anything else you can do? 
Repeat this question until the student says "no", number the responses 
(turn on the computer) (turn the contrast) (check if plugged to power) 
(check if plugged to computer) (ask a friend) (ask the teacher) 
(read tie charts) ' 
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Working Knowledge 
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General Instructions: Turn off the computer and monitor. Show the person a 
WArSYS and WAiTEXT disk. Ask the person to use the Writer's Assistant to 
type a sentence. Hand them a card with the sentence ^Help, I am stuck in 
this computer.- Tell them to save it in a file with their first name and 
to print o&e copy. 

Indicate the sequence by numbering each step as the student does it. 

Put a check mark if the student self corrects after an error. 

Put a + if you needed to give some prompting. 

Put a * if you had to tell the person how to do it. 

Insert WArSYS disk 
Turn on computer 
Turn on monitor 

Selects (1) Writer's Assistant from menu 
Inserts WA:Text disk 

Enters Byline in response to "Hi, who are you** (optional) 
Names file (in response to **what text do you want to work o*n?**) 
Uses (I)n8ert command to enter text 

N.B#: list here any cursor movement or use of control keys 



Closes with control -C 

Leaves file with (Q)uit and (n)pdate 

Removes WA:Text disk ' 

Turns off machine (optional) 

Writer's Assistant Commands 

General Instructions: You will ask the student to demonstrate knowledge of a 
number of procedures in a step by step fashion. If a student cannot do part 
of the task, show the student how to do it. Then move to the next item. IT 
SHOULD NOT SOUND LIKE A LIST OF QUESTIONS. Say something like: 

OK, now we are going to look at another file on this disk and I will 
ask you some questions. If you don't know how to do something, I will 
show you how. 

Find a file: 

1. Give the person WArSYS and WAiTEXT and ask them to see if they can find 
a news story written by John Drew on March 10. (NEWS-JD310) . If not 
ask the person to find the file NEWS-JD310. 

2. What would you do if the file was not on the disk? 
(look for another disk) (ask teacher) 

3. Read the story. -What does it say?- -Do you want me to read it?" 
Cursor Movement: 

1. After student is in the file: What is that blinking light? (cursor) 
What does it do? (tells place) 
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2. Put the cursor on the word "baseball." 
(spacebar) (Coatrol-I up/down key) (<-/-> key) 

3. Do you know any other ways to move the cursor? 

4. Can you make the cursor move word by word? (Control -I) 
In, Drop, Xchange: 

1. Insert the word "news" before the word "story" on line 3. 

cJ!;^-n^1"^^r''^ («Pf"bar) (CTRL-I) (up/down key) «-/-> key) 
command: (I)n (news) (CTRL-C) 

2. Delete the word "night" on line 2. 

Cursor movement: (spacebar) (CTRL-I) (up/down key) «-/-> key) 
command: (D)rop (spacebar) (CTRL-I) (CTRL-C) 

3. Exchange the word "father" for the word "mother" 

r!!I!**V*T^*°''' (spacebar) (Control -I) (up/dcwn key) (<-/-> key) 
Command: (D)rop (spacebar) (CTRL-I) (CTRL-C) ^ ' 

(I)n (mother) (CTRL-C) 

(X)change (mother) (CTRL-C) 

Aline and Word coimands: 

1. Do you know how to check the spelling of the word "two'" 

Cursor movement: (spacebar) (CTRL-I) (up/down key) (<-/-> key) 
comaand: (W)ord 

2. Can you center the title of this story? 

Sm^inrjSie ^^P""""^ (Control-I) (up/down key) «-/-> key) 

Set thi Environment: 

!• Do you know if you can change the margins of your writing? 
2. If yes, do you know how to do it? 
Help command: 

!• If you don't know how to use a certain command, what do you do? 
(read instructions) (ask another studtiic) (use Help command) 
(atik teacher) 

2. Do you know how to use the Help command? 
Other coon and s : 

1- Are there any other commands that you know that you can show me? 
Quit commands: 

1. f^-^^^l^l^-^^^ your work/leave the file. (CTRL-C) (O)uit / (s)save 
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